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Abstract 
The present report deals with the measurement of fall-out radioac-
tivity in Denmark in 1972. Strontium-90 was determined in samples from 
all over the country of precipitation, soil, ground water, sea water, grass, 
dried milk, fresh milk, grain, bread, potatoes, vegetables, fruit, total 
90 diet, drinking water, and human bone. Furthermore Sr was determined 
in local samples of air, rain water, grass, sea plants, fish, and meat. 
Caesium-1 37 was determined in soil, sea water, milk, grain products, 
137 potatoes, vegetables, fruit, total diet, and meat, and Cs was measured 
by wholebody counting in persons from a control group at Risø. Estimates 
of the mean contents of radiostrontium and radiocaesium in the human diet 
in Denmark in 1 972 are given. The Y-background was measured regularly 
at locations around Risø, at ten of the State experimental farms and in an 
area in Zealand, one in Jutland where future nuclear power plants might 
be located, and along the shores of the Great Belt. Finally the report in-
cludes, as previously, regular surveys of environmental samples from the 
Risø area. 
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ABBREVIATIONS AND UNITS 
FP 
pCi 
nCi 
mCi 
MPC 
c/min 
d/min 
c/h 
liR 
S.U. 
O.R. 
M.U. N 
V 
m 
f 
n Sr 
eqv. jig U 
eqv. mg KCl 
S.D. 
S. E. 
U.C.L. 
JL, O . i-å. 
A 
S.S.D. 
f 
Fission products 
-1 2 picocurie, 10 Ci, ni»Ci 
-9 
nanocurie, 10 Ci, mjxCi 
-3 
millicurie, 10 Ci 
maximum permissible concentration 
counts per minute 
disintegrations per minute 
counts per hour 
micro-roentgen, 10" roentgen 
pCi 9 0 Sr/g Ca 
observed ratio 
pCi 1 3 ? Cs/g K 
J: 
U 
B: 
o 
A: 
Samples: 
H: sea water 
soil 
air 
bed soil 
eel 
PG: grass 
PH: sea plants 
D: drain water 
S: waste water 
R: precipitation 
M: milk 
vertebrae 
male 
female 
natural (stable) Sr 
equivalents |ig uranium: activity as from 1 jig U (~90 d/h) 
equivalents mg KCl: activity as from 1 mg KCl (~0. 88 d/min) 
standard deviation: \l —i * * 
JzÆ-x.r 
standard error: \j --»—r-r— 
» n(n-1) 
P 
anova 
upper control level 
lower control level 
one standard deviation due to counting 
2 sum of squares of deviation: L (x-x.) 
degrees of freedom 
the variance 
the ratio between the variance in question and the 
residual variance 
probability fractile of the distribution in question 
coefficient of variation, relative standard deviation 
analysis of variance 
1. INTRODUCTION 
1 . 1 , 
The present report is the sixteenth of a series of periodical reports 
(cf. ref. 1) dealing with measurements of radioactivity in Denmark. 
The programme is nearly unchanged as compared with 1971. No samples 
of fresh water were collected from Danish streams and lakes in 1972. 
1.2. 
2-4) The methods of radiochemical analysis ' and the statistical treatment 
5) of the results are still based on the principles established in previous 
reports '. 
1.3. 
The report does not include detailed tables of the total p-measurements 
from the environmental control of the Risø site. These tables are available 
in the form of microcards at the library of the Panish Atomic Energy Com-
mission at Risø. 
1.4. 
The report contains no information as regards sample collection and 
analysis except in the cases where these procedures have been altered. 
1.5. 
In 1 972 the personnel of the Environmental Control Section of the Health 
Physics Department consisted of one chemist, ten laboratory technicians, 
two sample collecters, and two dishwashers. As in previous years, im-
portant assistance was rendered by the Section for Electronics Developmeiit, 
not only in the maintenance of the counting equipment, but also in the inter-
pretation of the Y-spectra. The computer program (cf. 2) used in the cal-
90 dilations of Sr as well as in the Y- analysis were developed by the Section 
for Electronics Development. 
1.6. 
The composition of the Danish average diet used in this report is iden-
tical with that proposed in 1 962 by the nutritional consultant to the Atomic 
Energy Commission, Professor E. Hoff-Jørgensen, Ph. D. 
2. ORGANIZATION AND FACILITIES ' ' » ' 
We have now 3 Ge(Li)-detectors each connected to a 1024-channel 
analyzer. One of the analyzers i s also used for the wholebody countings with 
the 8 inch Nal crystal . The output from the 3 analyzers a re fed to a 981 OA 
HP-calculator. 
3. RISØ ENVIRONMENTAL MONITORING IN 1 972 
3 . 1 . Gross p-Activity 
3. t . 1. Sea Water 
I Fig. 3 .1 .1 .1 shows the sample locations in Roskilde Fjord. Fig. 3 .1 .1 .2 
shows the control chart for H I. The yearly mean for H I in 1 972 was 56 eqv. 
mg KC1/2. 5 g (in 1 971: 57), for H III-VI: 58 eqv. mg KC1/2. 5 (in 1 971: 59) 
and for H VH-X: 56 eqv. mg KC1/2. 5 g (in 1 971: 59). Fig. 3 , 1 . 1 . 3 shows 
the mean levels of radioactivity in sea salt since 1957. 
Fig. 3.1.1.1. Roskilde Fjord. 
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Fig. 3 . 1 . 1 . 2. Control chart for HI, 1 972. 
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Fig. 3 . 1 . 1 . 3 . 
Mean radioactivity in sea water, 1 957-72. 
F ig . 3 . 1 . 2 . 1 . The RisO Research Establishment. 
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Fig. 3 .1 . 2. 3. Mean radioactivity in soil, 1 957-72. 
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3 . 1 . 2. Soil 
Figs. 3 .1 . 2.1 and 3 .1 . 2. 2 (the coloured map) show the sample locations 
for land samples in the environment of Risø. 
The yearly mean for J I in 1 972 was 138 eqv. mg KCl/3.0 g soil (in 
1 971: 140), for J II-III: 140 eqv. mg KCl/3. 0 g (in 1 971: 141) and for J IV-V: 
1 38 eqv. mg KCl/3.0 g (in 1 971: 139). Fig. 3 .1 . 2. 3 shows the mean levels 
of radioactivity in soil since 1 957. 
3 .1 .3 . Air 
Fig. 3.1.3.1 shows the diagram for FP activity in air samples in 1 972. 
3 
The mean value for the year was 0. 20 eqv. mg KCl/m as compared with 
0. 21 eqv. mg KCl/m3 in 1 971. 
Fig. 3 .1 . 3. 2 shows the mean F P levels in air since 1 957. 
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Fig. 3.1. 3.1. Control chart for LF, 1 972. 
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Fig. 3.1.3. 2. Mean radioactivity in air, 1 957-72. 
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3 .1 .4 . Bed Soil from the Fjord 
The mean activity in bed soil B I was 134 eqv. mg KCl/3.0 g ash in 
1 972 as compared with 151 eqv. mg KCl/3.0 g in 1 971. Fig. 3.1.4.1 shows 
the mean levels for B I since 1 957. 
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Fig. 3 .1 .4 .1 . Mean radioactivity in bed soil, 1 957-72. 
3 .1 .5 . Fish 
No fish samples from Roskilde Fjord were measured in 1 972. 
3 .1 .6 . Grass 
The mean values were in 1 972 for PG I: 21 eqv. mg KC1/0.1 g grass 
ash (in 1 971: 46), for PG II-HI: 1 5 eqv. mg KC1/0.1 g (in 1 971: 36) and for 
PG IV-V: 14 eqv. mg KC1/0.1 g (in 1 971: 31). Fig. 3 .1 . 6.1 shows the 
mean activities in grass ash since 1 957. 
eqv mg KCl/Qlg ash. 
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Fig. 3 .1 .6 .1 . Mean FP-radioactivity in grass ash, 1957-72, 
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3 .1 .7 , Sea Plants 
The mean F P level in 1 971 in Fucus vesicolosus (PH I) was 6 eqv. mg 
KC1/0.1 g ash (4 in 1 971). In Zostera marina (PH UI-IX) we found 2 eqv. 
mg KC1/0.1 g ash in 1 972 (4 in 1 971). 
3 .1 .8 . Fresh Water 
Fig. 3 . 1 . 8.1 shows the control chart for S (cf. fig. 3 . 1 . 2. 2). The 
yearly means for D I, D II, D IV, and S in 1 972 were 24 eqv. mg KC1/1 
(1 971: 46), 14 eqv. mg KCl/1 (1 971: 1 6), 17 eqv. mg KCl/1 (1 971: 40), and 
37 eqv. mg KCl/1 (1 971: 84) respectively. Fig. 3 . 1 . 8. 2 shows the activity 
in drainage water (D) and sewage water (S). 
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F i g . 3 . 1 . 8 . 1 . Control char t for S, 1 972. 
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Fig. 3 . 1 . 8. 2. Mean radioactivity in fresh water, 1 958-72. 
3.1 .9 . Rain Water 
Figs. 3 . 1 . 9.1 and 3 . 1 . 9. 2 show the specific F P level in and the total 
fall-out from rain water collected daily at Risø in 1 972. The total fall-out 
in 1 972 was measured at 0.031 • 10 eqv. mg KCl/m , and the annual mean 
15 
concentration in rain water at Risø was 67 eqv. mg KC1/L In 1 971 the cor-
responding figures were 0.075 • 106 and 162 respectively. 
400- , 
Fig. 3 .1 . 9.3 shows the specific activity in rain water since 1957. 
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Fig. 3 . 1 . 9 .1 . Concentration of p- activity in precipitation in 1972. 
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Fig. 3 . 1 . 9 . 2 . Total fall-out from precipitation in 1972, 
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Fig. 3 . 1 . 9 .3 . Specific activity in precipitation, 1957-72. 
3.2. Radiochemical p-Analysis 
3 . 2 . 1 . Air 
The "big air sampler" described in Risø Report No. 23 ' has a shunt 
through which we determine the air volume. As in 1971 we analysed both 
the shunt filter (I) and aliquots cut out from the main filter (II) to see whether 
the activity levels were the same in the two filters. As I/II = 0.92 - 0.07 
(1 SE), we conclude as in 1971 that the two filters showed the same levels. 
We shall report the mean air activity level for 1 972 as the mean of the two 
monthly glass-fibre filter collections and the daily paper filter sampling: 
0.8 t o. 1 pCi 9 0 Sr/10 3 m 3 , i. e. 40% of the 1 971 level. The mean peak 
activity of the three collections in 1972 was measured in May to be 1. 6 pCi 
90o , , n 3 3 Sr/10 m . 
90 Fig. 3. 2.1.1 shows the Sr levels in air since 1957. 
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Table 3.2, 
Sr-90 in a i r co l lec ted at Risj in 1?~2 
pCi S r - 9 0 / l c ' a 3 
Month 
Jan. 
Feb. 
Mar. 
Apr. 
Mai-
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
1972 
Daily air filters 
Paper 
O.69 
0.95 
1.1 
0.90 
1 1. 
•L. m t 
1.3 
1.5 
0.99 
0.51 
0.50 
0.31 
0.47 
0.90 
Monthly air filters 
(glass-fibre filters' 
O.Hi. 
0.53 
0.53 
0.73 
1.6 
1.5 
1.1 
0.53 
3.58 
0.36 
0.21 
O.HI 
0.71 
:.55 
:.-s 
1. s 
1.3 
0.-3 
0.*2 
0.1Q 
0.^ 2 
0.31 
I: are the normally used shunt filters. 
II: are aliquots cut out from the main filters also 
used for the Cs-137 determination (cf. table 3o.l^. 
90 
80 
70 
60 
50 
40 
30! 
20 
10 
pCi90Sr/103m3 
XI n IIIILJII Ulk . 111 - , • • . . , • ! • • . • • • Aim måi.^m-. 
4 1234 1234 1234 1234 1234 1234 1234 1234 | 2 3 4 1234 1234 123'. 1234 1234 1234 
1957 1958 1909 1960 1%1 1962 19«3 19*4 W S 1966 1967 196* 1969 1970 1971 1972 
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3. 2. 2. Grass 
90 y(j
Table 3. 2. 2 shows the Sr content in grass ash from Zealand in 1 972. 
90 90 
The mean Sr activity was 2. 6 pCi Sr/g ash or 46 S.U. as compared with 
4.1 pCi/g ash or 60 S. U. in 1 971, i . e. the 1 972 level was 77% of the 1 971 90 level. Fig. 3. 2. 2.1 shows the Sr levels in grass since 1 957. 
Table 3.2.2 
Si—90 in grass from Zealand, 1972 
Jan.-Mar. 
Apr.-June 
July-Sep. 
Oct.-Dec. 
Mean 
pCi Sr-90/g ash 
2.31 
2.22 
3.12 
2.39 
2.64 
pCi Sr-90/g Ca 
5U 
*3 
51 
35 
H6 
40n pCi 3USr /g ash 
lllllllllllii.lllllllill 
234 IT2 3Z ,T23« ,1234 ,1234 ,12 3*'12 34'1234 ,1234 ,12 34'1234'1234'123«'123A 1234 1234 
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Fig. 3. 2, 2.1 . Strontium-90 in grass ash, 1 957-72. 
19 
3. 2. 3. Sea Plants 
35 
301 
25^ 
20^ 
Fig. 3. 2. 3 shows the S. U. levels in sea plants since 1 959 and table 
3. 2. 3 the resul ts for 1 972. The level in Fucus vesicolosus was 16 pCi 
Sr /g Ca, and in Zostera marina we found 5 pCi S r /g Ca. 
pCi 9 0Sr /g Ca
 R 
/ / 
/ 
', 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
15 
10 
5 
D Zcstera marina 
0 Fucus vesicolosus 
n / / 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
s . 
n 
M 
Id 1 
M 
M 
M 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
\ 
V\ 
1 
M 
M 
i 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ / / / / / / / / / / / / / / / / 
\A 
M 
I 
/ 
/ 
/ 
/ 
/ 
B 
/ / / / / 
1 
1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 19 71 1972 
Fig. 3. 2. 3. Strontium-90 in sea plants, 1 959-72. 
Table 3 .2 .3 
Sr-90 in sea p lan t s from Roskilde Pjord in 1972 
Sampling period 
Jan. - June 
July - Dec. 
July - Dec. 
Location 
pH III 
pH I 
pH IX 
Species 
Zostera marina 
Pucus vesicolosus 
Zostera marina 
pCi Sr-90/g Ca 
6.1k 
15.9 
3.11 
pCi Sr-90/g ash 
0.32« 
1.78 
0.54 
mg Sr/g Ca 
19.0 
U0.8 
11.0 
20 
3.2 .4 . Ra inwa te r 
Table 3, 2.4.1 shows the radiostrontium level in rain water collected 
at Risø in 1 972. The total 9 0 Sr fall-out in 1 972 was 0. 34 mCi 9 0 S r / k m 2 
(467 mm precipitation), and the mean concentration in the rain water was 
0, 72 pCi 9 0 S r / l . In 1 971 we measured 0. 96 mCi 9 0 S r / k m 2 (509 mm pre -
cipitation and 1. 9 pCi Sr/1, i. e. the 1 972 levels were 35% of the 1971 
figures. 
90 Fig. 3. 2.4.1 shows the Sr levels in rain water since 1 959. 
At five sampling locations (1 -5) in zone I (cf. fig. 3 .1 .2 .1) ion-exchange 
columns collected monthly samples of precipitation along with the bottle 
collectors. The columns have been described ear l ier (Risø Report No. 41 ') 
4) 
and a re similar to those used in the U. S. A. by HASL ' . The purpose of 
this collection is to compare the efficiency of the ion-exchange columns 
with that of rain bottles as collectors of fall-out. Table 3. 2 .4 . 2 shows the 
resul ts . In 1 972 we found no significant difference between the two sampling 
systems. 
Table 3 . 2 . 4 . 1 
Sr—90 in monthly samples of r a i n water co l lec ted in r a i n b o t t l e s 
o 
at Risø in 1972 (sampling area 0.236 m ) 
Month 
J a n . 
Feb . 
Mar. 
Apr. 
May 
June 
Ju ly 
Aug. 
Sep. 
Oct . 
Nov. 
Dec. 
1972 
mm 
12 
20 
44 
38 
70 
54 
29 
66 
30 
20 
67 
17 
E 467 
pCi S r - 9 0 / 1 
1.16 
0 .95 
0 .61 
0 .81 
0 .95 
1.13 
1.23 
0 .37 
0 .52 
0 .62 
0 .23 
0 .11 
x 0 .72 
mCi Sr-90/km 2 
0.018 
0.019 
0.028 
0.031 
0.067 
0.061 
0.036 
0 .021 
0.016 
0.012 
0.015 
0.0075 
E 0.335 
x =
 ZmCi/
z
)Z2'103 pCi/1 
21 
501 pCi ^ S r / l 
40 
30 
20 
10-1 
8 
61 
4 
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Fig. 3 .2 .4 .1 . Strontium-90 in precipitation, 1959-72. 
Table 3.2.1.2 
Sr-90 in monthly samples of rain water collected in ion-exchange 
column collectors at Risø in 1972 (sampling area 0.325 m ) 
Month 
J a n . 
P e b . 
Mar. 
Apr . 
May 
June 
J u l y 
Aug. 
Sep . 
O c t . 
Nov. 
Dec . 
1972 
mm 
6 
11 
12 
38 
77 
50 
26 
61 
30 
18 
60 
14 
E 436 
pCi S r - 9 0 / 1 
2 .37 
1.23 
0 .56 
0 .66 
0 .57 
1.04 
1.21 
0 .66 
0 .55 
0.H2 
0.22 
0.76 
x 0 .68 
mCi Sr -90/km 2 
0.011 
0.017 
0.023 
0.025 
0.044 
0.052 
0.032 
0.040 
0.016 
0.0076 
0.014 
0.011 
E 0.296 
22 
3 .2 .5 . Milk from a farm near Risø 
137. Table 3. 2. 5 shows the radiostrontium and " " C s contents in 
milk collected in 1 972 from a farm near Risø. The mean level was 3. 9 
90 S.U. as compared with 4. 2 S.U. in 1 971. Fig. 3. 2. 5 shows the Sr levels 
in "Risø" milk since 1 959. The caesium-1 37 mean level was 5. 2 pCi/1 
against 7. 2 pCi/1 in 1 971. 
Table 3 - 2 . 5 
Sr-90 and Cs-137 ir. milk from Ri sø* i n 197? 
Month 
J a n . - Mar. 
Apr. - June 
Ju ly - Sep. 
Oct . - Dec, 
1972 
pCi S r -90 /g Ca 
A 3.86+0.19 
3 .88*0.11 
5.36 
2.1H 
3.89 
pCi Cs-137/K K 
4.43 
3.59 
3-35 
1.52 
3.22 
pCi Cs -137 /1 
6.97 
5.70 
5.^3 
2.52 
5.16 
*The milk was c o l l e c t e d from t h e m i l k - p r o d u c i n g farm 
n e a r e s t t o R i s ø . 
^ t r i p l e d e t e r m i n a t i o n s . 
2 0 i pCi 9 0Sr /gCa 
15 
10 
3 4 1 2 3 4 1 2 3 4 1 2 3 4 1234 1234 1234 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1234 1234 
1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 
Fig. 3. 2. 5. Strontium-90 in milk from the Risø neighbourhood, 1 959-72. 
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3 .3 . V-Spectroscopy of Air Samples. Some Nuclear Explosions in 1 971 
As in 1 962-1 971, half-weekly samples of air were collected by means 
of the air sampler described in Risø Report No. 23 '. The half-weekly 
3 8) 
filters were measured on a 30 cm Gs(Li) detector '. Table 3.3.1 shows 137 the monthly means of the C s determinations. The peak value was ob-90 
served in May (cf. also Sr in air, table 3. 2.1). The mean level in 1 972 
was 50% of the 1 971 mean. 
Table 3.3.1 
Cs-137 in glass-fibre air filters collected twice a week at Risø in 1972 
Month 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
1972 
pCi Cs-137/103m3 
1.55*0.38 
1.30±0.15 
1.10*0.11 
1.79*0.16 
2.73*0.18 
2.09*0.15 
2.11*0.29 
1.45*0.13 
0.71*0.12 
0.86*0.12 
0.32*0.05 
0.38*0.07 
1.37 
The error terra is the S.E. of the mean of the activity 
found in 8 or 9 filters collected during a month. 
4. RADIOSTRONTIUM AND RADIOCAESIUM IN PRECIPITATION, 
SOIL, AND GROUND WATER IN DENMARK IN 1 972 
4 .1 . Strontium-90 in Precipitation 
Samples of rain water were collecte- in 1 972 from the ten State experi-
mental farms (cf. fig. 4 .1 .1) in accordance with the principles laid down in 
Risø Report No. 63, p. 51 1) 
90, Table 4.1.1 shows the results of the uSr determinations and tables 
4 .1 .2 and 4 .1 .3 the analysis of variance of the results. The variation with 
time was highly significant (P ( 99. 95%). The maximum fall-out occurred 
90 in May-June, when the mean content in precipitation was 1.12 pCi Sr/1 
(cf. also the air measurements in 3.2.1) and the mean fall-out rate was 
0.1 7 mCi ^Sr/km . Tables 4 .1 .2 and 4 .1 .3 show that the variation between 
locations was not significant. The 1 972 mean levels for ten State experi-
90 90, mental farms were 0.44 mCi ^"/km^ and 0. 73 pCi a u Sr/ l . In Appendix A 
90 2 
the country mean level (area-weighted) i s estimated to be 0.46 mCi Sr/km 
for a mean precipitation amount of 632 mm (area-weighted), i. e. 27% of the 
fall-out rate in 1 971. 
Table 4 . 1 . 1 
P e r i o d 
J a n . - F e b . 
M a r . - A n r . 
May-Jar.*1 
J u l y - A u p . 
. " e p . - . ' c t . 
Uov. -Dec . 
107. : 
U ni t 
pCi/ 1 
p 
n C i / k n 
p C i / 1 
n C i / 1 
pC i / 1 
n C i W 
p C i / 1 
n C i / k r . 2 
r>C i / i 
n C i / k P . 2 
p C i / 1 x 
n C i / k n 2 I 
nn p r e c .'p i t a t i s n l 
F y l s t r u p 
1 .06 
0 . 0 3 9 
0 . 9 2 
0.08U 
1 .21 
0 . 0 7 
0.0S- . 
o.u 
0 . 0 1 7 
0 . 2 « 
O.oun 
0 . 7 5 
0 .4 34 
577 
S t u d s -
gå rd 
0 . 9 9 
0 . 0 2 9 
0 . 6 7 
0 .098 
1.07 
0 . 1 5 
0 . 6 8 
0 . 1 0 
0 .44 
0 . 0 2 1 
. 2 2 
0 . 0 5 1 1 
0 . 6 1 
0 . 4 4 9 
742 
Ødum 
1.06 
0 . 0 3 2 
0 . 6 6 
0 . 0 6 9 
1 .15 
0 . 2 0 
1 .26 
0 . 0 6 1 
0 . 3 2 
0 . 0 1 7 
0 . 2 4 
0 . 0 3 1 
0 . 8 1 
0 .410 
507 
S r - 9 0 
Askov 
f l . l l ) 
[ 0 . 0 5 1 ) 
0 . 8 3 
0 . 1 1 
1 .02 
0 . 1 5 
1 .00 
0 . 0 6 9 
0 . 6 6 
0 . 0 3 4 
0 . 2 7 
0 . 0 6 0 5 
0 . 7 1 
0 . 4 7 5 
670 
f a l l - o u t 
S t . J y n -
d e v a d 
0 . 8 9 
0 . 0 3 9 
0 . 8 8 
0 . 1 1 
1 .13 
0 . 2 1 
0 . 6 9 
0 . 1 1 
0 . 5 8 
0 . 0 2 8 
0 . 2 3 
0 . 0 4 5 
0 . 7 2 
0 . 5 4 2 
758 
t.n Denmark 
B l a n g -
s t e d g å r d 
0 . 9 6 
0 . 0 5 1 
0 . 6 7 
0 . 0 7 0 
0 . 8 2 
0 . 1 6 
0 . 5 7 
0 . 0 9 2 
0 . 3 8 
0 . 0 2 2 
0 . 3 0 
0 . 0 3 9 
0 . 6 2 
0 . 4 3 4 
701 
in 1972 
T y s t o T t e 
1 .26 
0 . 0 4 2 
0 . 7 4 
0 . 0 7 9 
o.rr 
0 . 1 8 
0 . 6 3 
0 . 0 7 7 
0 . 6 0 
0 . 0 2 9 
0 . 3 2 
0 . 0 2 6 
0 . 7 5 
0 . 4 3 3 
577 
Virum-
gård 
1 . 3 3 
0 . 0 4 3 
1 . 0 3 
0 . 0 9 5 
1 . 2 0 
0 . 1 4 
1 . 0 0 
0 . 0 8 1 
0 . 7 0 
0 . 0 2 2 
0 . 3 6 
0 . 0 2 9 
0 . 9 4 
0 . 4 1 0 
434 
Abed 
1 . 2 8 
0 . 0 3 3 
0 . 6 2 
0 . 0 5 8 
0 . 9 9 
0 . 1 7 
0 . 5 2 
0 . 0 8 3 
0 . 4 7 
0 . 0 2 4 
0 . 3 0 
0 . 0 2 9 
0 . 6 6 
0 . 3 9 7 
600 
Å k i r k e -
by 
0 . 3 5 
0 . 0 2 5 
0 . 8 2 
0 . 0 7 4 
1 .58 
0 . 1 5 
0 . 9 5 
0 . 0 8 6 
0 . 7 4 
0 . 0 3 7 
0 . 2 9 
0 . 0 4 0 0 
0 . 7 7 
0 . 4 1 2 
536 
..pirrrb.-re, nn t :n~ lu-led in r . e a n . • • igurr - . in b r a c k e t s c a l c u l a t e d Cron VAR 3 1 2 ) . 
L e d r e -
b o r g 
1 . 5 3 
0 . 0 4 1 
0 . 7 5 
0 . 0 5 6 
1 .17 
0 . 1 6 
0 . 6 9 
0 . 0 7 3 
0 . 4 4 
0 . 0 2 1 
0 . 2 4 
0 . 0 2 4 
0 . 7 6 
0 . 3 7 5 
493 
Mean" 
1 . 0 3 
0 .038 
0 . 7 8 
0 .085 
1 . 1 2 
0 . 1 7 
0 . 8 3 
0 .084 
0 . 5 7 
0 .025 
0 . 2 7 
0 .039 
0 . 7 3 
0 .44 
610 
._ 
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Table » .1 .2 
Analysis of variance of In pCi Sr-90/1 precipitat ion in 1972 
(from table 4 .1 .1 ) 
Variation 
Betw. locations 
Detw. months 
Remainder 
SSD 
0.8403 
17.2660 
3.2136 
f 
10 
5 
49 
s 2 
0.08*0 
3.*532 
0.0656 
v2 
1.28 
52.6* 
P 
>70* 
>99.95* 
Table 4 .1 .3 
Analysis of variance of In mCi Sr-90/km precipitat ion in 1972 
(from table 4 .1 .1) 
Variation 
Betw. locations 
Betw. months 
Remainder 
SSD 
0.8025 
30.1100 
2.1239 
f 
10 
5 
49 
s 2 
0.0902 
6.0220 
0.0433 
v 2 
1.85 
139.08 
P 
>90* 
>99.95X 
A comparison between the amounts of precipitation found in the rain 
gauges used by the Danish Meteorological Institute and the amounts collected 
in our rain bottles at the same locations showed in 1972 a mean ratio of 
1.00 - 0.04 (1SE) between the two sampling systems. 
4 .2 . Strontium-90 and Caesium-137 in Soil 
As in previous years, soil was collected with a view to estimating the 
accumulated fall-out. As previously, the samples were collected in Sep-
tember from uncultivated areas all over the country (cf. fig. 4 .1 .1) , and 
as in 1 970 and 1971 down to a depth of 30 cm. One sample was also col-
lected from 30 to 50 em's depth. 
90 Tables 4. 2.1 - 4. 2.4 shows the Sr results. The mean value at the 
90 2 
State experimental farms in September 1972 was 52 mCi Sr/km . How-
ever, this value should be recalculated to a depth of 20 cm before we com-
pare with the results of the years previous to 1 970 (cf. fig. 4.2). From 
0-20 we estimated 46 mCi ^ S r / k m 2 , ("0-20 cm" is approx. 89% of "0-30 
cm" according to Risø Report No. 265 '). 
The 1 972 levels were nearly equal to the 1971 figures (0-30: 54, and 
0-20 cm: 47 mCi 9 0Sr/km 2 ) . 
1 1 7 ) From precipitation data ' ', the accumulated fall-out in Denmark 
in 1 972 was calculated to be 53 mCi/km , i. e. nearly equal to the level 
found in table 4. 2 .1 . 
26 
Fig. 4 .1 .1 . State experimental farms in Denmark. 
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70 mCi 9 0Sr/km2 
60 
50 
40 
30 
20 
10 
• 
• 
I • 
t • * 
1961 1962 1963 1964 1965 1966 1967 1968 1969 19701971 1972 
90 Fig. 4.2. Accumulated Sr fall-out in Danish soil, collected at the State 
experimental farms, 1 961 -72. 0-20 cm (1 S. E. indicated). 
Table 1.2.1 
Sr-90 in soil collected at the state experimental farms in September 1972 
(0-30 cm) 
1
 2' 
mCi Sr-90/km 
pCi Sr-90/kg 
Tylstrup 
44±4 
103±9 
Studs-
g ird 
72±8 
189±21 
Ødum 
* «m±2 
A109±6 
Askov 
58±2 
137±5 
S t . Jyn-
devad 
70±5 
13*±10 
* I 3 s e c t i o n s 
x 3 s e c t i o n s weighted 
All determinations were t r i p l e except Blangstedgard which 
The error terms are the S . E . ' s of the means. 
Blang-
s tedgird 
39±3 
122±8 
Tystof te 
41+4 
85±8 
was quadruple. 
Virum-
gird 
51±2 
136±6 
Abed 
53*2 
221±6 
Åkirkeby 
* 48±1 
A139±3 
Mean 
52 
138 
SD 
12 
40 
SE 
4 
13 
Table 4.2.2 
Sr-90 in s o i l col lected from the surroundings of Roskilde in September 1972 
mCi Sr-90/km2 
pCi Sr-90/kg 
" Z 3 sect ions 
x 3 sect ions 
Bolund 
43*3 
162±9 
weighted 
Ledreborg 
(Roskilde 
Fel led) 
* 55±1 
A145±2 
Skydebanen 
47*2 
135*5 
Mean 
48 
147 
SD 
6 
14 
SE 
4 
8 
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Table 4.2.3 
Sr-90 in soil collected at the state experimental farms 
in 3 or 1 sections in September 1972 
mCi Sr-90/km 2 
0-10 cm 
10-20 cm 
20-30 cm 
T. 0-30 cm 
30-50 cm 
Ødum 
24+2 
17±1 
2 .4+0 .6 
43.4 
5 . 2 + 1 . 1 
Åkirkeby 
24±1 
19±1 
4 .5±0 .2 
47 .5 
Ledreborg 
(Roski lde 
Fælled) 
30+0 
18±1 
6 .6+0 .3 
54 .6 
Al l d e t e r m i n a t i o n s were t r i p l e 
Table 4.2.4 
Sr-90 in soil collected at the state experimental farms 
in 3 or 4 sections in September 1972 
pCi S r - 9 0 / k g 
0-10 cm 
10-20 cm 
20-30 cm 
x 0-30 cm 
30-50 cm 
Ødum 
252±20 
108 + 4 
16 .5±3 .7 
109 
Åkirkeby 
26l±9 
118±6 
51±2 
139 
Ledreborg 
( R o s k i l d e 
P æ l l e d ) 
279±4 
140±7 
49±3 
145 
17 .0+2 .8 
A l l d e t e r m i n a t i o n s were t r i p l e 
Table 4.2.5 
il collected at the state experimental farm3 in September 1972 (0-30 cm) 
- ' - ' 2 
mCi Cs-137/km 
pCi r:s-137-/kg 
g K/kg 
* E 3 s ec t i ons 
x 3 s ec t i ons 
Tv l s t rup 
92 
217 
11.5 
weighted 
S tuds -
gård 
119 
309 
6.1 
Ødum 
*113 
fl283 
a l 6 . 2 
A3kov 
124 
295 
13.7 
S t . Jyn-
devad 
126 
210 
8.3 
Blang-
stedgård 
65.6 
208 
15.9 
Tystofte 
81 
168 
18.6 
Virum-
gård 
100 
266 
22.1 
Abed 
90 
377 
12.4 
Åkirkeby 
*106 
°307 
"19.0 
Mean 
102 
267 
I f . 7 
SD 
20 
61 
4.9 
SE 
6 
19 
1.5 
29 
137 As in previous years Cs was also measured (cf. tables 4 . 2 . 5 - 4 . 2 . 8). 
137 90 
The expected ratio between Cs and Sr in a soil column containing all 
137 90 
Cs and Sr fall-out i s 1.6 - 1. 7 In the soil samples we have collected 
137 90 
since 1 969 the Cs/ Sr ratios have been significantly higher than the 
expected value. In Risø Report No. 265 * we have discussed the reasons 
for this discrepancy. 
In 1 972 the X s / ^ S r ratios (cf. tables 4 .2 .10-4 .2 .12) were signifi-
cantly lower than in 1 971, although still higher than the expected ratio. The 
lower ratios may have two causes. Firstly most of the 1972 samples were 
collected in one section (0-30 cm) and not as in 1971 in three sections, and 
secondly the samples were collected with greater care than in 1 971, especially 
with a view to avoiding contamination of the deeper soil layers with surface 
137 90 
soil, which shows the highest Cs/ Sr ratio. We still believe that the 137 90 
main reason for the too high C s / Sr ratios in soil i s due to contamination 
of the lower parts of the soil samples with surface soil. 
Table ».2,6 
Cs-137 in soil collected from the surroundings of Roskilde in Jepteaber 1972 
mCi Cs-137/km2 
pCi Cs-137/kg 
g K/kg 
* E 3 s e c t i o n s 
Bolund 
78 
289 
17 .2 
x 3 s e c t i o n s weighted 
Ledreborg 
(Roski lde 
P«?led) 
"98 
\~S2 
A 19.8 
Skydebanen 
77 
216 
19 .4 
Mean 
8« 
"»56 
18 .8 
SD 
12 
36 
1.4 
SE 
7 
21 
3 .8 
Table 4.2.7 
Cs-137 in soil collected at 3 state experimental farms 
in 3 or 4 sections in September 1972 
mCi Cs-137/km2 
0-10 cm 
10-20 cm 
20-30 cm 
E 0-30 cm 
30-50 cm 
Ødum 
86 
23 
3.9 
113 
6.5 
Åkirkeby 
68 
31 
6 .0 
106 
Ledreborg 
(Roski lde F e l l e d ) 
64 
2* 
10 .3 
98 
30 
Table 1.2.8 
Cs-137 in soil collected at 3 state experimental farms 
in 3 or 1 sections in September 1972 
pCi C s - 1 3 7 / k g 
0 - 1 0 cm 
1 0 - 2 0 cm 
2 0 - 3 0 cm 
w e i g h t e d x 
3 0 - 5 0 cm 
Ødum 
892 
146 
27 
283 
19 
Åkirkeby 
7*»2 
194 
67 
307 
Ledreborg 
( R o s k i l d e F æ l l e d ) 
590 
199 
71 
262 
Table 4.2.9 
K-40 in soil collected at the state experimental farms 
in 3 or 4 sections in September 1972 
g K/kg 
0 -10 cm 
1 0 - 2 0 cm 
2 0 - 3 0 cm 
w e i g h t e d x 
3 0 - 5 0 cm 
Ødum 
1 4 . 8 
1 7 . 9 
1 5 . 2 
1 6 . 2 
1 0 . 1 
Åkirkeby 
2 0 . 0 
1 9 - 2 
1 7 . 5 
1 9 . 0 
Ledreborg 
( R o s k i l d e 
F æ l l e d ) 
1 9 . 8 
1 9 . 7 
1 9 . 9 
1 9 . 8 
Table 4.2.10 
The rat io Cs-137/Sr-90 in soil (0-30 cm) from the State Experimental Farms, 1972 
(from tables 4.2.1 and 4.2.5) 
T y l s t r u p 
2.09 
S t u d s -
gård 
1.65 
Ødum 
2.57 
Askov 
2.14 
S t . J y n -
devad 
1.80 
Blang-
s t e d g å r d 
1.68 
T y s t o f t e 
1.98 
Virum-
gård 
1.96 
Abed 
1.70 
Åkirkeby 
2 .21 
Mean 
1.98 
SD 
0.29 
SE 
0 .09 
Table 4 .2 .11 
The r a t i o Cs-137/Sr-90 in s o i l from d i f f e ren t depths 
co l lec ted a t 3 s t a t e experimental farms, 1972 
(from t ab le s 4 .2 .3 and 4 .2 .7) 
0-10 cm 
1 0 - 2 0 cm 
2 0 - 3 0 cm 
0-30 cm 
3 0 - 5 0 cm 
Ødum 
3.58 
1 .35 
1 . 6 3 
2 . 6 0 
1 .25 
Åkirkeby 
2 . 8 3 
1 . 6 3 
1 . 3 3 
2 . 2 3 
Ledreborg 
2 . 1 3 
1 . 3 3 
1 . 5 6 
1 . 7 9 
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Table 4.2.12 
The ratio Cs-137/Sr-90 in soil (0-30 cm) from the surroundings of Roskilde, 1072 
(from tables 4.2.2 and 4.2.6) 
Bolund 
1.81 
Ledreborg 
(Roskilde 
Fælled) 
1.78 
Skydebanen 
1.64 
Mean 
1.74 
SD 
0.09 
SE 
0.05 
Table 4.2.13. 
K-4o in soil collected at 3 state experimental farms 
in 3 or 4 sections in September 1972 
g K'kg 
0-10 cm 
10-20 cm 
20-30 cm 
weighted x 
30-50 cm 
ødum 
14.8 
17.9 
15.2 
16.2 
10.1 
Åkirkeby 
20.0 
19.2 
17.5 
19.0 
Ledreborg 
(Roskilde Fælled) 
T9.8 
19.7 
19.9 
19.8 
4. 3. Strontium-90 in Ground Water 
As in previous years , ground water was collected in March from the 
nine locations selected by L. J . Andersen, M. Sc . , Geological Survey of 
Denmark, in 1 961. 
gFig. 4. 3.1 shows the sample locations and table 4. 3.1 the results of 
the Sr analyses (cf. also 5. 8.4). 
The median level of 9 0 S r in 1 972 was unchanged from 1 971. The highest 
level is still found at Feldbak. Fig. 4. 3. 2 shows the median levels in 
Danish ground water since 1 961. 
32 
Fig. 4 .3 .1 . Ground-water sampling locations in Denmark. 
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Table 4 .3 .1 
Sr-90 in ground water co l lec ted in March 1972 
Location 
Hvidsten 
Feldbak 
Rømø 
Rønne 
Hasselø 
Fåretofte 
Kalundborg 
Ravnholt 
Fredericia 
Mean 
Median 
pCi Sr-90/1 
0.005 
0.71 
0.008 A 
0.023 A 
0.004 
0.004 
0.076 
0.010 B 
0.018 A 
O.O96 
0.010 
A: relative S.D.: 20-3355 
B. relative S.D.: > 33% 
pCi Sr-90/g Ca 
0.08 
22.8 
0.2 
0.9 
0.03 
0.03 
0.6 
0.08 
0.2 
0.5 
0.2 
g Ca/1 
0.066 
0.031 
0.038 
0.027 
0.149 
0.139 
0.130 
0.125 
0.080 
0.085 
0.080 
pCi 9 0Sr/ l 
o 
o 
o 
o -o 
o 
o ° o o 
o 
61 ' 62' 63 64 65 66 67 68 69 70 71 72 ' 
90 Fig. 4. 3. 2. Median Sr levels in Danish ground water, I 961 -72. 
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Fig. 5 .1 .1 . Dried-milk factories in Denmark. 
5. RADIOSTRONTIUM AND RADIOCAESIUM IN DANISH FOOD IN 1 972 
5 . 1 . Strontium-90 and Caesium-137 in Dried Milk from the Entire Country 
As in the previous yea r s , monthly samples of dried milk were collected 
90 from seven locations in Denmark (cf. fig. 5.1.1) and analysed for Sr and 
, 3 7 C s . 
90 Table 5.1.1 shows the resul ts of the Sr determinations and table 
5.1.2 the analysis of variance of the resul ts . Contrary to previous years 
the variation between months was significant for S. U. the levels in the first 
half of the year was higher than in the last half. The S. U. mean level in 
on 
1 972 was 6. 6 pCi S r /g Ca or r.pprox. 90% of the 1 971 mean. The inter-
action between locations and months was significant too. 
As previously, the milk from eastern Denmark shows significantly 
Lower levels than that from Jutland. 
Table 5.1.1 
pCi Sr-90/g Ca in Danish dried milk in 1972 
' Month 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Mean 
*. . . 
triple 
A 
quadru 
The err 
in Dani 
Hjørring 
7.8 
10.2 
10.1 
9.8 
11.2 
*9.4*1.1 
"6.9*0.9 
7.6±0.4 
6.0±0.1 
*6.5±0.2 
*7.0±0.7 
7.^40.0 
8.3 
analysis 
pie analysis 
Århus 
7.1 
8.2 
8.3 
4.2*0.3 
6.0+0.1 
*7.6*1.0 
7.0 
"6.6*0.2 
6.9*0.2 
*5.8+0.2 
"6.8*0.7 
"5.7*0.5 
6.7 
Videbæk 
9.8 
8.4 
8.0 
12.3 
9.0±0.7 
10.6±2.6 
A7.6±0.4 
"7.040.9 
"7.2+0.5 
"7.410.2 
"8.6+0.2 
7.3*0.3 
8.6 
Åbenrå 
8.3 
9.0 
8.2 
8.3 
8.2±0.2 
*7.6l±0.5 
*7.3±0.7 
6.0*0.9 
7.3*0.1 
*7.1*0.1 
"6.2*0.2 
"7.4+0.5 
7.6 
Odense 
6.2 
8.2 
7.8 
5.2 
6.^+0.7 
"6.3*0.6 
"4.8+0.1 
5.2±0.1 
*10.2±1.2 
*5.8±0.3 
"4.4*0.1 
"4.2+0.6 
6.2 
or term is the S.E. of the mean. As 1 litre of milk 
sh milk produced in 1972 was 7.9 pCi/1. 
Ringsted 
5.0 
4.8 
5.3 
8.3*0.2 
5.3 
*3.4±0.6 
5.0*0.7 
"3.4*0.5 
3.6*0.3 
"4.1*0.5 
"3.3*0.2 
"3.5*0.2 
4.6 
contains 1.2 
Lolland-Falster 
Møn 
4.2 
5.4 
5.1*0.3 
"4.7*0.3 
A5.2*0.5 
4.1±0.4 
4.2*0.7 
"3.8+0.6 
3.1*0.5 
*3.4±0.3 
3.6*0.4 
"4.1+0.2 
4.2 
g Ca, the mean Sr-
Mean 
6.9 
7.7 
7.5 
7.5 
7.3 
7.0 
6.1 
5.7 
6.3 
5.7 
5.7 
5.7 
6.6 
90 content 
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Table 5 . 1 . 2 
Analys is of variance of In pCi Sr -90 /g Ca in dried milk in 19?2 
(from t a b l e 5 . 1 . D 
— T7 Variat ion 2SD 
Petv . l o c a t i o n s 
Betw. months 
Loc. x months 
Remainder 
12.5580 
2.3^56 
U.520U 
2.4961 
11 
66 
95 
2.0930 
0.2132 
0.0685 
30.55 
3.11 
2.61 
0.0263 
> 99.95« 
> 99.5? 
> 99.95« 
qn 
40i pCi Sr /gCa 
30-
201 
i 
] 
10-i 
8J 
6 i 
* l 
i 21 t, 12 34 12 34 1 
1959 1960 1961 1962 
2 T T 2 3 T 2 3 T T 2 3 * 12 34 123 4 
1964 1965 1966 1967 1963 
1 2 3 A* 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
1968 1969 1970 1971 1972 
Fig. 5 .1 .2 . Strontium-90 in dried milk. 1 953-72. 
Table 5 .1 .3 shows the resul ts of the 1 3 7 C s determinations and table 
5 1 4 the analysis of variance of the results. Contrary to previous years, 
the maximum level of 1 3 7 C s : B . 2 M . U . , was not found in milk from the 
summer but in milk from February. The M. U. mean level in 1 972 was 6.6 
pCi 1 3 ? C s / g K or 75% of the 1 971 level. 
Figs . 5 .1 . 2 and 5 .1 . 3 show the quarterly S. U. and M. U. values since 
October-December 1 959 (cf. also Appendix C). 
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pCi 137 
Table 5 . 1 . 3 . 
Cs/g K in Danish dried ntilk in 1972 
Month 
Jan. 
Peb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Mean 
Hjørring 
8.7 
8.4 
10.3 
8.4 
9.7*0.1 
9.9 
8.6 
8.8 
9.2 
7.4 
B
 2.3 
A
 6.7 
8.2 
Arhus 
6.7 
8.9 
7.3 
6.9 
6.0*0.C 
8.2 
7.1 
7.7 
7.3 
4.2 
4.0 
4.5 
6.6 
Videbck 
12.4. 
11.7 
10.7 
11.5 
6.3 
11.4 
13.5 
8.5 
5.9 
7.5 
6.8 
A
*.l 
9.2 
Åbenrå 
8.6 
10.8 
9.8 
8.5 
7.1 
7.2 
11.9 
10.3 
7.6 
6.3 
6.7 
6.0 
8.4 
Odense 
6.0 
6.7 
8.1 
6.5 
4.7 
9.2 
6.0 
5.1 
4.4 
5.4 
3
 1.7 
B1.9 
5.5 
Ringsted 
5.5 
5.7 
4.5 
5.1 
3.8 
6.2 
3.5 
3.5 
4.0 
2.5 
A
 2.1 
2.5 
4.1 
131 As 1 litre of milk contains approx. 1.66 g K, the mean 
milk produced in 1972 was estimated at 11.0 pCi/1. 
A: relative S.D.: 20-3355 
B: relative S.D.: > 33? 
Lolland-Falster 
Møn 
A 
A 
A 
A 
A 
B 
6.3 
5.5 
5.8 
5.3 
4.2 
2.5 
4.0 
3.5 
6.0 
2.8 
2.5 
1.8 
4.2 
Mean 
1 • . 
S.2 
S.l 
7.5 
6.0 
7.8 
7.8 
6.8 
6.3 
5.2 
3.7 
3.9 
6.6 
Cs content in Danish 
Table 5.1.** 
Ana lys i s of var iance o f In Cs-137 /g K in Danish dried milk 1072 
(from t a b l e 5 . 1 - 3 ) 
Variation 
Betw. locations 
Betw. months 
Remainder 
SSD 
8.9416 
7.0684 
3.9051 
f 
6 
11 
66 
s2 
1.4902 
0.6425 
0.0592 
v2 
25.17 
10.85 
P 
> 99.95* 
> 99.95* 
150-pO , 3 7Cs/gK 
100 
50-
40-
30: 
20-
10' ll mil JIII.IIIIJIIMIII ixlljii* l l l l l l l l l . 
4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 ' 1 2 3 4 1 2 3 4 W J 4 I 2 3 <. 
1S65 1966 1967 1968 1969 1970 19 71 1972 1959 1960 1961 1962 1963 1964 
Fig. 5 .1 . 3. Caesium-137 in dried milk, 1959-72. 
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SKAGEN 
100 
'km jsLJ 
Fig. 5. 2 .1 . Sample locations for fresh milk, bread and total diet (A-towns). 
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Fig. 5.2.2, Sample locations for fresh milk, bread and total diet (B-towns). 
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5. 2. Strontium-90 and Caesium-1 37 in Fresh Milk from the Entire Country 
The samples of fresh milk were collected in the eight zones and in 
Copenhagen as previously (cf. figs. 5. 2.1 and 5. 2. 2) in connection with the 
total-diet collection (cf. 5. 7). 
Table 5. 2.1 shows the results of the determinations of radiostrontium 
1 37 
and C s in consumer milk. 
90 137 
The production-weighted means for Sr and Cs in Danish consumer 
90 
milk in 1 972 collected in June and December were 5. 8 S. U. (~7 pCi Sr/1) 
1 ^7 
and 4. 9 M. U. or 8. 0 pCi Cs/1 respectively. 
As previously it s eems reasonable to regard the mean of the leve ls 
found in June and December as representative of the annual production-
weighted mean, as the mean for these two months calculated from the dried-
milk data (cf. tables 5 .1 .1 and 5 . 1 . 2) yielded a reasonable estimate of the 
annual mean for dried milk. 
If the figures in tables 5. 2.1 are weighted with respect to the population, 
1 37 the country means become 5. 2 S. U. and 7.1 pCi Cs/1, i. e. a little lower 
than the production-weighted means. 
As compared with dried milk, the fresh milk levels were lower. This 
i s in agreement with earl ier observations '. 
Zone 
I : M-Jutland 
I I : F -Ju t land 
I I I : W-Jutland 
IV: S-Jut land 
V: Funen 
VI: Zealand 
V I I : L o l l a i . i - F a l s t e r 
V I I I : Bornholm 
Mean 
Copenhagen 
i 'opulat ion-weighted 
mean 
Hroduc t ion-weighted 
mean 
pCi Sr -90/g Ca 
6.65*0.23 
6.12±0.30 
7 .52*0.1 
6.91*0.62 
4.65*0.11 
4.30±n,23 
4.43+0.25 
5.64+0.39 
5.78 
4.64 + 1.6 
5 .5? 
6.30 
Table 5 . 2 . 1 
Sr-90 and Cs-137 in f resh milk 
June 1972 
pCi Cs-137/c K 
8-7*+ 
6.27 
7.36 
6.52 
1.61 
4.07 
2.48 
5.92 
5.75 
4.58 
5.63 
6.6} 
pCi Cs-137/1 
13.3 
9 .8 
11.8 
10.2 
7 .1 
6.7 
3.9 
9.0 
9.0 
7.3 
8,9 
10.1 
in 1972 
pCi Sr-90/g Ca 
4.57 
5.37 
6.10 
6.22 
4.81 
4.77 
4.52 
5.83 
5.27 
3.76 
4.79 
5.36 
December 1972 
pCi Cs-137/g K 
4.54 
3 .91 
1.77 
2.38 
1.87 
2.64 
1.13 
3.80 
2.76 
3.95 
3.22 
3.08 
pCi Cs-137/1 
7.62 
6.91 
3.56 
5.38 
3.5* 
4.75 
1.88 
4.64 
4.78 
5.44 
5.31 
5.61 
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5. 3 . Strontium-90 and Caesium-137 in Grain from the Entire Country 
As in previous years , grain samples were obtained from ten State ex-
perimental farms (cf. fig. 4 . 1 . 1 ) . Virumgård was replaced by Ledreborg 
in 1 969. Strontium-90 was determined as previously (Risø Report No. 63 ' ) , 
137 
and Cs was measured on ashed samples by Y-spectrometry on a Ge-
detector. 
90 
Table 5. 3.1 shows the measurements of Sr in grain in 1 972. Ac-
cording to Appendix B, approx. 1 / 2 of al l rye in Denmark i s grown in 
Jutland and 1 / 2 in the eastern part of the country. As regards wheat, 4 / 5 
i s produced in eastern Denmark and 1/5 in Jutland. In the calculation of 
the means in tables 5. 3.1 and 5. 3 .4 Jutland i s represented by five rye 
figures and nine wheat figures, while eastern Denmark contributes nine 
wheat figures and four rye figures. Thus the means in tables 5. 3.1 - 5 . 3 .4 
for rye and wheat are higher than the production-weighted means for the 
country. Table 5. 3. 2 gives the analysis of variance of the S. U. figures 
90 and table 5. 3. 3 that of the pCi Sr/kg grain figures. 
Table 5. 3 . 2 shows that the variation in S. U. between species was s i g -
nificant. Wheat showed the highest S. U. leve ls and barley the lowest. The 
90 
pCi Sr/kg figures also show a significant difference between spec ies . 
(Oats ) rye). 
As in previous years , the variation with location was highly significant; 
90 
the mean pCi Sr/kg level for grain from Jutland was approx. twice that 
in eastern Denmark. 
1 37 Table 5 . 3 . 4 shows the measurements of Cs in grain in 1972, table 
5 . 3 . 5 the analysis of variance of the M. U. figures and table 5 . 3 . 6 the 
1 37 
analysis of variance of the pCi Cs /kg grain figures. The variation be-
137 
tween locations was not significant althouth the Cs content in grain from 
Jutland was on the average approx. 1.4 (pCi/kg figures) t imes as high as 
the grain level in eastern Denmark. The variation between species was 137 significant. Rye contained as previously more Cs than the other grain 
spec ies . 
If the S. U. leve ls in grain from the harvest of 1971 are compared with 
the leve ls from 1 971 ', we find the 1972 figures to be 0. 75 t imes the 1 971 
levels . 
1 37 
The Cs content in grain from the 1972 harvest was on the average 
0. 30 t imes the 1 971 means. The fall-out rate in May-August 1 972 was 
0. 37 t imes that in May-August 1 971. (The period May-August was selected 
because experiments have shown ' that the contamination of grain with 
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Table 5.3-1 
Sr-90 in Danish grain in 1972 
Tylstrup 
"•* 1 »~A v„4 
3d urn 
Askov 
S t . Jyndevad 
B l a n g s t e d g å r d 
T y s t o f t e 
Ledreborg 
Abed 
Åkirkeby 
Mean 
Rye 
pCi S r - 9 0 / k g 
w: 22+2 
s : 26+1 
w: 15+3 
-
34 + 0 
w: 45±6 
16±1 
w: 23±0 
25 + 2 
-
25±3 
29 
S .U . 
w: 71+19 
s : 75+3 
W : 1 2 6 ± I 5 
-
80+7 
w:110±38 
34 + 4 
w: 57 +1» 
64+8 
-
72 + 12 
77 
B a r l e y 
pCi S r - 9 0 / k g 
45±1 
65 + 1 
14+0 
36+3 
s : 6U±1 
13 
s : 22+3 
w: 23+2 
22 + 0 
21+1 
17 + 0 
31 
S .U. 
106+7 
124+3 
32+0 
74±4 
s : 1 4 9 + 2 
27 
s : 54+8 
w: 1(6+5 
1*3+0 
3?±3 
49*6 
68 
Wheat 
pCi S r - 9 0 / k g 
s : 55±3 
s : 47*3 
s : 17*0 
w: 14±1 
s : 31+.1 
w: 29*1 
s : 6l±l) 
w: 90+5 
15±1 
s : 24 + 3 
w: 23±3 
s : 22+0 
w: 31+1 
s : 19±1 
w: 18±2 
s : 21±1 
w: 19±2 
33 
S .U . 
s : l l 4 ± l 
s:l*49±U 
w:19"5-2 
s : 51±1 
w: 69+3 
s : 94+0 
w:110+3 
s : 1 7 7 * 3 7 
w:276+64 
53*8 
s : 66±10 
w: 81+9 
s : 52+4 
w: 64+10 
s : 48+4 
w: 37*0 
s : 55*3 
w: 59+5 
97 
Oats 
pCi S r - 9 0 / k g 
57±U 
108+3 
18+0 
129*1 
103*1 
22+1 
62*4 
23*0 
23*2 
35*4 
58 
S .U . 
89*12 
165*25 
28*1 
124+1 
131*5 
25*1 
69*6 
26+0 
36+3 
7 3 * 2 2 
77 
Table 5.3.2 
Analysis of variance of In S.U. in grain in 1972 
(from table 5.3.1) 
V a r i a t i o n 
betw. s p e c i e s 
Betw. l o c a t i o n s 
Spec . x loc . 
Remainder 
SSD 
2.1555 
23.7713 
3.3906 
2.3256 
f 
3 
9 
25 
57 
s 2 
0.7185 
2.6112 
0.1356 
0.0408 
v 2 
5.30 
1 9 . 48 
3 .32 
P 
>99* 
>99.95JS 
>99.95* 
Table 5.3.3 
Analysis of variance of In pCi Sr-90/kg grain in 1972 
(from table 5.3-1) 
V a r i a t i o n 
Betw. s p e c i e s 
Betw. l o c a t i o n s 
Spec, x l o c . 
Remainder 
SSD 
5.2338 
23.0381 
^.4204 
1.2217 
f 
3 
9 
25 
57 
s 2 
1.7446 
2.5598 
0.1768 
0.0214 
v 2 
9.87 
14.48 
8 .25 
P 
>99.95? 
>99.95J& 
>99.95i? 
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Table 5.3.4 
Cs-137 in Danish grain in 1972 
Tylstrup 
Studsgård 
Od urn 
Aykov 
S t . Jyndevad 
B l a n g s t e d g å r d 
T y s t o f t e 
Ledreborg 
Abed 
Åkirkeby 
Mean 
Rye 
pCi C s - 1 3 7 / k g 
* : 2 8 . 2 
s : 1 1 . 2 
-
5 0 . 0 
w : 3 1 . 1 
3 4 . 8 
2 8 . « 
3 5 - 1 
-
2 6 . 8 
3 7 . 3 
M.U. 
w: 6 . 2 
s : 7 . 7 
w r i i f . i 
-
" 
7 . 6 
7 . 2 
6 . 1 
7 . 4 
-
7 . 4 
7 . 9 
B a r l e y 
pCi C s - 1 3 7 / k g 
3 0 . 1 
3 2 . 5 
1 2 . 8 
A 2 3 . 0 
s : 2 9 . 2 
9 . 3 
s : 2 1 . 0 
w : 2 9 . 4 
A 1 2 . 5 
1 7 . 2 
1 0 . 4 
2 0 . 7 
K.U. 
6 . 2 
2 . 3 
A 3 . 8 
s : 5 . 7 
1 .8 
s : 3 . 7 
w : 4 . 8 
A 2 . 3 
3 . 2 
2 . 9 
3 . 8 
Wheat 
pCi C s - 1 3 7 / k g 
s : 2 1 . 9 
s : 2 9 . 4 
w : 2 9 . 0 
s : 1 0 . 5 A 
w : 1 7 . 5 
s : 1 7 . 2 
w : 1 9 . 1 
srftO.O 
w : 2 2 . 2 
A 1 3 . 5 
s : 1 3 . 6 
w: 9 . 0 A 
s : 1 7 . 2 
w : 1 2 . 5 
s : 2 5 . 0 
w : 1 3 . 5 
s : 1 1 . 6 
w : 1 5 . 5 
1 8 . 8 
M.U. 
s : 3 . 3 
s : b . 4 
w : 7 . 1 
s : 2 . 2 A 
w : 4 . 4 
s : 3 . 0 
w : 4 . 3 
s : 8 . 7 
w : 6 . 1 
A 3 . 0 
s : 3 . 8 
w : 3 . 4 A 
s : 3 . 1 
w : 2 . 3 
s : 5 . 4 
w : 2 . 5 
s : 2 . 8 
w : 3 . 5 
4 . 2 
Oats 
pCi C s - 1 3 7 / k g 
A 1 6 . 2 
2 0 . 7 
A 1 5 . 1 
5 2 . 8 
2 2 . 5 
2 1 . 5 
" 6 1 . 2 + 4 . 6 
B 9 . 8 
A 1 0 . 4 
1 6 . 4 
2 4 . 7 
M.U. 
A 3 . 0 
6 . 5 
A 3 . 0 
1 5 . 4 
4 . 9 
4 . 3 
" 1 1 . 9 * 0 . 6 
B 2 . 3 
A 2 . 7 
3.8 
5.8 
" t r i p l e d e t e r m i n a t i o n s 
Ac r e l a t i v e S . D . : 2 0 - 3 3 * 
B: r e l a t i v e S . D . : >33S 
Table 5.3.5 
Analysis of variance of In pCi Cs-137/g K grain in 1972 
(from table 5.3.4) 
Variat ion 
Betw. s p e c i e s 
Betw. l o c a t i o n s 
Species x l o c . 
Remainder 
SSD 
3.0795 
4.5490 
4.4649 
0.8900 
f 
3 
9 
25 
12 
s 2 
1.0265 
0.5054 
0.1786 
0.0742 
0 
v" 
5.75 
2 .83 
2 .41 
P 
>99.5X 
>97.5* 
>90* 
Table 5.3.6 
Analysis of variance of In pCi Cs-137/kg grain in 1972 
(from table 5.3.4) 
Variat ion 
Betw. s p e c i e s 
Betw. l o c a t i o n s 
Spec ies x l o c . 
Remainder 
SSD 
2.6229 
4.2483 
5.6314 
0.8478 
f 
3 
9 
25 
12 
s 2 
0.8743 
0.4720 
0.2253 
0,0706 
v 2 
3.88 
2 .10 
3 .19 
P 
>97.5* 
>90* 
>97.5* 
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Table 5.3.7 
mg Sr/g Ca in grain collected in 1972 
• 
Tylstrup 
Studsgård 
Ødum 
Askov 
St. Jyndevad 
Blangstedcard 
Tystofte 
Ledrebord 
Abed 
Åkirkeby 
Rye 
w 
4.o 
4.0 
2.9 
3.3 
1.5 
2.8 
2.8 
2.4 
s 
4.0 
Barley 
w 
3.0 
s 
5.2 
4.0 
3.6 
3.9 
4.6 
2.2 
3.1 
2.8 
3.6 
2.6 
Wheat 
w 
7.7 
2.6 
4.2 
8.2 
3.0 
3.9 
3.3 
4.9 
3.5 
s 
4.7 
7.8 
2.0 
5.8 
9.1 
4.4 
3.6 
4.5 
2.8 
Oats 
s 
4.0 
5.0 
2.2 
4.0 
4.2 
3.0 
3.2 
1.4 
2.2 
1.1 
Table 5.3.8 
Analysis of variance of In mg Sr/g Ca in grain in 1972 
(from t ab l e 5 .3 .7) 
Variation 
Betw. species 
Betw. locations 
Species x loc. 
Remainder 
SSD 
2.0217 
4.8084 
1.8363 
0.1322 
"
J 
3 
9 
25 
10 
s^  
0.6739 
0.5343 
0.0735 
0.0132 
2 
V 
9.17 
7.27 
5.56 
P 
>99.95* 
>99.95* 
>99.5* 
1 37 
Cs takes place in the period from before the emergence of the ears until 
harvest). This observation is in reasonable agreement with that of the 
1 37 previous years and fits the hypothesis that the Cs level in grain depends 
mainly upon the fall-out ra te . 
In Appendix C is shown a comparison between observed and predicted 
9 0 Sr and ] 3 7 Cs levels in 1 972. 
137 90 
The mean ratio between pCi Cs/kg rye and pCi Sr/kg rye was 137 90 1. 29, while the Cs/ Sr ratio for barley, wheat, and oats was 0. 67, 
0. 57 and 0.43 respectively. This is in agreement with ear l ier observations 
and with the theory that, contrary to the other cereals for which the soil 
90 
uptake of Sr now plays a dominant role, rye is mainly directly contami-
nated. 
Table 5. 3. 7 shows the stable- strontium content in grain in relation to 
the calcium content, and table 5. 3. 8 is an analysis of variance of the figures. 
As previously , wheat contained more btab'te strontium per g Ca than the 
other species, and the stations in Jutland showed generally higher figures 
than the eastern locations. 
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5.4. Strontium-90 and Caesium-1 37 in Bread from the Entire Country 
In 1 972, samples of white bread (75% extraction) and dark rye bread 
(100% extraction) were collected all over the country in June, but as in 1 971 
not in December. The samples were combined into eight zone samples and 
90 137 
a sample from Copenhagen, and Sr and Cs were determined. The 
1 37 
Cs determinations were carr ied out on dried samples of rye bread and 
on the ash of white bread by Y-spectroscopy. 
Tables 5.4.1 and 5.4. 2 show the resul ts . It is assumed that 1 kg flour 
yields approx. 1. 35 kg bread ' and that wheat flour of 75% extraction con-
90 137 1 \ 
tains 20% of the Sr and 50% of the Cs found in wheat grain ' , while rye 
flour is 100% extraction hence we can compare the 1 972 bread levels with 
the 1 971 grain levels (cf. table 5.4. 3). 
90 137 
Table 5.4. 3 shows that the Sr and Cs levels in bread were generally 90 lower than those in grain according to the above-mentioned model, Sr in 
white bread being an exception. 
Table 5.4.1 
Sr-90 in Danish bread in June 1972 
Zonp 
I: 
II: 
III: 
IV: 
V: 
VI: 
VII: 
VIII: 
N. Jutland 
E. Jutland 
W. Jutland 
S. Jutland 
Punen 
Zealand 
Lolland-Falster 
Bornholm 
Mean 
Copenhagen 
Population-weight"d 
mean 
Relative error due to 
sampling and analyses 
White bread 
pCi/kg 
10.111.2 
9.1+0.1 
7.4±0.9 
8.4±0.3 
8.1±1.0 
8.3*0.0 
7.0±0.7 
7.7*1.6 
8.3 
7.4*1.7 
8.2 
15* 
S.U. 
5.4±0.4 
4.8±0.0 
4.2±0.4 
5.5±0.2 
3.710.4 
3.810.1 
3.610.3 
3.410.7 
4.3 
3.010.7 
4.0 
12* 
Rye bread 
pCi/kg 
3512 
4912 
36tl 
35*7 
4011 
3111 
2712 
25H 
35 
25*2 
34 
12* 
S.U. 
ii.0±1.2 
17.210.7 
11.7*0.3 
11.1*2.0 
12.7H.4 
11.010.7 
9.810.6 
7.810.3 
11.5 
10.110.7 
11.9 
13* 
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Table 5.4.2 
Cs-137 in Danish bread in June 1972 
Zone 
I : 
I I : 
I I I : 
IV: 
V: 
V I : 
V I I : 
V I I I : 
N. J u t l a n d 
E. J u t l a n d 
W. J u t l a n d 
S . J u t l a n d 
Punen 
Zealand 
L o l l a n d - F a l s t er 
Bornholm 
Mean 
Copenhagen 
P o p u l a t i o n - w e i g h t e d 
mean 
A: R e l a t i v e S . D . : 2 0 -
White 
p C i / k g 
2 2 . 7 
l 4 . 4 ± 0 . 3 
2 2 . 6 
2 0 . 3 ± 0 . 7 
2 3 . 2 
2 5 . 3 
6 . 6 B 
1 2 . 3 ± 3 . 8 A 
1 8 . 4 
1 2 . 4 
1 8 . 4 
33* 
B: R e l a t i v e S . D . : >33* 
bread 
M.U. 
1 5 . 4 
I 0 . 7 ± x . 8 
1 4 . 3 
1 5 . 0 + 1 . 4 
1 6 . 5 
1 5 . 5 
5 . 3 B 
9 . 0 + 2 . 4 A 
1 2 . 7 
V.l 
1 2 . 6 
Rye bread 
p C i / k g 
57 
69 
54 
48 
86 
68 
50 
67 
62 
50 
61 
M.U. 
18 
20 
14 
15 
25 
21 
16 
18 
18 
16 
18 
Table 5.4.3 
A comparison Sr-90 and Cs-137 levels in bread and grain in 1972 
N u c l i d e 
3 r - 9 0 
Cs-137 
S p e c i e s 
Wheat 
Rye 
Wheat 
Rye 
Bread a c t i v i t y 
i n June 1972 
c a l c u l a t e d a s 
g r a i n i n p C i / k g 
( c f . t e x t ) 
55 
46 
49 
81 
A c t i v i t y i n g r a i n 
from h a r v e s t 1 9 7 1 1 * 
p C i / k g 
48 
62 
66 
125 
" B r e a d w / g r a i n 
r a t i o 
1 . 1 5 
0 . 7 4 
0 . 7 4 
0 . 6 5 
47 
5. 5. Strontium-90 and Caesium-137 in Potatoes from the Entire Country 
The samples of potatoes were collected in September from ten of the 
State experimental farms (cf. fig. 4 .1 .1) and analysed for 9 0 Sr and 1 3 7 Cs 
(Y-spectroscopy of bulked samples of the ash). 
«TN„U1^ r- r. t ..i AI. _ 90,-, _ __ _, 1 3 7 „ . . . 
x a u i e O. O. 1 SHOWS U ie a r ana Cs con t e ] tits in potato »es. The mean 
contents for the country were 2. 9 pCi Sr/kg or 50 S. U. and 4. 9 pCi 
1 3 7 Cs/kg or 1. 0 M. U. 
137 90 The mean of the Cs / Sr ratios (pCi/kg figures) was 1. 7 (in 1 971: 
3 .1 , in 1970: 3 .8, in 1 969: 1.8, in 1 968: 2.6, in 1 967: 2 . 1 , in 1966: 2.6, 
in 1 965: 6, and in 1 964: 3). 
T a b l e 5 . 5 . 1 
5 
U 
3 
2 
1 
S r - 9 0 and C s - 1 3 7 i n D a n i s h p o t a t o e s i n 1972 
T y l s t r u p 
S t u d s g å r d 
Ødum 
Askov 
S t . Jyndevad 
B l a n g s t e d g å r d 
T y s t o f t e 
Ledreborg 
Abed 
Mean 
pCi S r - 9 0 / k g 
3 . 2 + 0 . 1 
4 . 0 ± 0 . 1 
2 . 0 ± 0 . 0 
2 . 7 + 0 . 1 
2 . 7 + 0 . 2 
2 . 6 ± 0 . 4 
4 . 1 + 0 . 2 
2 . 3 ± 0 . 0 
2 . 3 ± 0 . 2 
2 . 9 
S .U . 
51 + 13 
64*7 
37 + 4 
46+2 
7 ' ± 7 
34 ±6 
57 ±7 
33+2 
3 5 ± 0 . 9 
50 
pCi C s - 1 3 7 / k g 
> i 
)> 6 . 9 
^ 2 . 8 
J 
4 . 9 
M . U . 
1 .5 
0 . 5 
1 . 0 
The e r r o r t erms a r e t h e S . E . o f t h e mean o f d o u b l e 
d e t e r m i n a t i o n s . 
pCi 9 0Sr/kg 
i t i 
i ' » ( ( t 
. « ' ' 
* ' 
59 ' 60 ' 61 ' 62 63 ' 64 ' 65 ' 66 67 58 ' 69 70 TCll 
'•'i£. 5 . 5 . J. Strontium-90 level« in Dnniali potatoea, I !>f*U-72 (f S. K. indicated). 
• 
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100 -
50 -
pC i A g 
1963 ' 1964 ' 1965 ' 1986 ' 19B7 ! 1968 ' 1969 ' 1970 ' 1971 ' 1972 
Jutland 
TNe Islands 
Fig. 5. 5. 2. Caesium-137 in potatoes from Jutland and the Islands, 1963-72. 
5. 6. Strontium-90 and Caesium-1 37 in Vegetables and Frui ts from the 
Entire Country 
In 1 972 as in previous years , vegetables and fruits were collected in 
September and Decembei from eight greater provincial towns, one in each 
of the eight zones, and from Copenhagen. 
Carrots and onions were collected in September, cabbages and apples 
in December, and a few samples of beans and gooseberries were collected 
in June-July. 
The Y-measurements were performed on bulked ash samples r ep re -
senting the entire country (cf. table 5. 6.4). Tables 5. 6.1 - 5. 6. 3 show the 
90 
results and the analysis of variance of the Sr determinations. 
The variations between species were highly significant. The highest 
90 
Sr levels (pCi/kg) were found in onion, and carrot , the lowest in apple. 
The variation between locations was also significant. Jutl.Jid showed as a 
whole higher levels than the Islands. 90 Fig.5. 6.1 shows the country wide mean pCi Sr /g Ca levels in cabbage 
(white and red) and in carrots collected since 1 961. The cabbage levels 
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Table 5.6.1 
Sr-90 in vegetables and fruits in 1972 
- T , 
- • T » 
VIII: 
N-Jutland 
V- Jutland 
S-Jutland 
Funen 
Zealand 
Lol land-Falster 
Bornholm 
Sean 
Copenhagen 
Population-weighted 
aean 
Cabbage 
pCi/lcg 
12 .9*0 .9 
~?.**5.C 
17 .6*6 .0 
11 .1*2 .0 
9 .5*1.8 
4 .4*1 .6 
5 .0*0.4 
8 .2*2 .0 
10 .3 
3 .3 
9 .0 
S.U. 
30.3*6.0 
37.3*12.3 
23 .9*0.5 
18.0*2.4 
8 .8*3.5 
13.4*0.3 
15.3*3.0 
22.4 
7 .0 
19.9 
Carrot 
pCi/kg 
18.5 
42.0 
14.2 
5 .9 
7 .1 
9 .0 
20.0 
18.6 
8.8 
18.0 
S.U. 
49 .2 
124.9 
38 .1 
17.6 
21 .9 
24 .1 
32.2 
53 .0 
24 .3 
55 .6 
Onion 
pCi/kg 
20 .3 
15 .9 
24 .9 
11.7 
14.7 
10.3 
10.8 
15.6 
7-5 
13.9 
S.U. 
91 
87 
97 
53 
53 
34 
35 
62.8 
25 
55 
Apple 
pCi/kg 
1.4 
1.5 
1.1 
1.3 
0.8 
1.6 
1.1 
3.4 
1.5 
1.4 
1.4 
S.U. 
43.2 
3i.«» 
14.8 
28.3 
18.3 
29.9 
23.6 
64.7 
31.8 
36.4 
30.4 
Beans 
pCi/kg 
19.6 
I o . o 
19.6 
13.8 
( 8 . 4 ) 
( 7 . 4 ) 
( 7 . 8 ) 
13,5 
13.3 
4.7 
11.4 
S.U. 
45.6 
3 i . b 
43.5 
34.8 
(17 .8! 
(16 .3) 
(18 .4! 
25.0 
29.1 
9.2 
24.6 
Gooseberry 
pCi/kg 
7.9 
12.0 
15.6 
17.1 
7.2 
6.0 
9.6 
18.5 
11.7 
7.7 
9.8 
S.U. 
35.8 
49.5 
31.6 
53.5 
21.7 
31.3 
41.1 
32.3 
37.1 
38.6 
37.4 
Values in brackets Mere ca lcu la ted from VAR 3 
."a'sbage were c o l l e c t e d along with the t o t a l d i e t in December in both A * B towns. 
The error tern for cabbage thus include sampling as wel l as a n a l y t i c a l error . 
Tabie 5.6.2 
Analysis of variance of In pCi Sr-90/kg in vegetables and fruits in 1972 
(from table 5-6.1) 
Variation 
Betw. species 
Betw. locations 
Loc. x species 
Remainder 
SSD 
31.2258 
7.5226 
5.5363 
1.2023 
f 
5 
8 
37 
8 
s 2 
6.8452 
0.9*03 
0.1496 
0.1503 
v^ 
45.76 
6.29 
1.00 
P 
>99.95* 
>99.95X 
-
Table 5.6.3 
Analysis of variance of In S.U. in vegetables and fruits in 1972 
(from table 5.6.1) 
Variation 
Betw. species 
Betw. locations 
Loc. x species 
Remainder 
SSD 
8.9655 
6.3891 
7.5114 
1.6006 
f 
5 
8 
37 
8 
s y 
1.7931 
0.798C 
0.2030 
0.2001 
v* 
8.83 
3.93 
1.01 
P 
>99.95* 
>99.5< 
-
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Table 5.6.U 
Cs-137 in vegetables and fruits in 1972 
pCi/kg 
pCi/g K 
Cabbage 
3.3+0.1 
1.5±0.0 
A: relative S.D. 
B: relative S.D. 
The error term is 
Carrot 
3.1 
1 l! 
Onion 
A 0.9 
Apple 
5.4 
: 20-33% 
: >33* 
the S.E. of the mean. 
Beans 
B 1.1 
B 0*3 
Gooseberry 
A 2.9 
A 1.6 
Table 5.6.5 
Calculated Sr-90 and Cs-137 mean levels in vegetables in 1972 
Daily 
intake 
in g 
5» 
30 
40 
120 
Species 
Leafy vegetables (cabbage) 
Root vegetables (carrot, onion) 
(Pea) and bean 
Vegetable total 
pCi Sr-Q0 
per kg 
9.0 
16.0 
11.4 
11.6 
S.U. 
19.9 
55.3 
24.6 
30.3 
pCi Cs-137 
per kg 
3.8 
2.0 
1.1 
2.4 
M.U. 
1.5 
0.9 
0.3 
1.0 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
1961 ' 1962 1963 ' 1964 ' 1965 ' 1966 ' ?967 -t- f-1968 1969 1970 1971 1972 
cabbage 
carrots 
Fig. ',. 6 .1 . Stiontium-90 in Danish cabbage and carrots, 1 961 -72. 
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100 T 
pCi/kg 
50 -
20 -
10 -
5 -
2 -
4 
i \ 
-t-
-t- •+• + -1- + + + •+" 1963 1964 1965 1966 1967 1968 ' 1969 ' 1970 ' 1971 ' 1972 
cabbage 
carrots 
Fig. 5. 6. 2. Caesium-1 37 in Danish cabbage and ca r ro t s , 1 963-72. 
• i 
90, have since 1 966 varied around 20 pCi Sr /g Ca and the carrot levels have 
,. 90 been between 50 and 60 pCi Sr /g Ca, except in 1 968 when the mean level 
90 
was only 30 pCi Sr /g Ca. We have no explanation for this low value in 
1 968 (the S. E. of the mean was not different from those years just before 
and after 1 968). Caesium-1 37 also showed a minimum for carrots in 1 968 
90 1 S 7 ' 
and as the Sr and Cs determinations a re independent, it is unlikely 
that the low values should a r i s e from analytical e r r o r s . (Fig. 5. 6. 2). 
90 n 
The Sr levels in cabbage and carrots depend primari ly on the Sr 
activity in the soil, during the last years approx. 95% of the 9 0 Sr came 
from the accumulated Sr in the soil. The ra ther constant levels since 
1 966 a re in accordance with the nearly constant soil levels (ci. 4. 2), but do 
not fit the theory of a rapid decrease (effective half life~ 4 years) in the 
90 
availability of the Sr in tne soil for root uptake, as proposed in Risø 
Report No. 265, Appendix C ' (cf. also Appendix C in this report) . 
52 
90 137 
Table 5. 6. 5 shows a calculation of the mean contents of Sr and Cs 
in Danish vegetables collected in 1 972. The levels a r e the population-
weighted means calculated in tables 5.6.1 - 5. 6.4. 
The 1 972 levels in Danish fruit were calculated from apple and from 
gooseberry. Apples got a weight factor of 85 and gooseberries one OTI5, 
and the mean levels in Danish fruit were thus 2. 7 pCi Sr/kg and 5 Cs/kg. 
The 1 972 9 0 Sr levels in vegetables and fruits were a little higher and 
the 1 3 7 Cs levels somewhat lower than the 1 971 levels. 
5. 7. Strontium-90 and Caesium-1 37 in Total Diet from the Entire Country 
In 1 972 total-food samples representing an average Danish diet ac-
cording to E. Hoff-Jørgensen (cf. Appendix B in Risø Report No. 63 ) 
were collected according to the principles followed in 1 961 -1 971. As 
previously two groups of towns (A and B, cf. figs. 5. 2.1 and 5. 2. 2) supplied 
the samples. 
Tables 5. 7.1 and 5. 7.2 show the resul ts . As in previous years , the 
variation between locations was significant. The S. U. levels in the total 
diet were approx. 30% higher in Jutland than in eastern Denmark. 
Fie 5 7 1 shows the zone mean levels (not population-weighted) of 
1 37 
S. U. in total diet since May 1 961. Fig. 5. 7. 2 shows the daily Cs intake 
since June 1 963. 
The 1 972 9 0 Sr levels in total diet were approx. 10% higher than the 
1 971 levels, while the 1 3 7 Cs levels were approx. 25% lower than the 1 971 
ones. 
From the total-diet sampling it i s possible to estimate the mean levels 
of 9 0 Sr and 1 3 7 C s in the Danish diet in 1 972. For the period January-April 
1 971 the 9 0 Sr level in the total diet is assumed to have been equal to that 
measured in December 1 971, Risø Report No. 2651 \ For the period May-
September we assume the level to have corresponded to that measured in 
June 1 972. The December 1 972 figure is taken to represent the last three 
90 
months of the year. The population-weighted mean of Sr in total-diet 
samples was 7. 0 pCi 9 °Sr /g Ca in December 1 971. Hence the mean content 
in the total diet in 1 972 was 7. 8 pCi 9 0 S r / g Ca or 1 3. 7 pCi 9 0 Sr /day . 
In a similar way the ] 3 7 Cs content in the Danish diet in 1 972 was estimated 
to be 30 pCi 1 3 7 C s / d a y or 8.8 pCi 1 3 7 C s / g K (cf. also Appendix C). 
S3 
Table 5 .7 .1 
Sr-90 and Cs-137 in Danish to ta l diet col lected in June 1972 
Zone 
I: 
I I . 
I l l : 
IV: 
V: 
VI: 
VII: 
VIII : 
N. Jutland 
E. Jutland 
W. Jutland 
S. Jutland 
Punen 
Zealand 
Lo l land-Fa l s t er 
Bornholm 
Mean 
Copenhagen 
Populat ion-weighted 
mean 
Re la t ive error due t o 
sampling and a n a l y s i s 
pCi S r - 9 0 / g Ca 
9 . 1 * 1 . 3 
10 .1±2 .8 
9 . 8 * 1 . 0 
1 1 . 2 
9 . 9 * 1 . 2 
8 . 0 * 0 . 2 
7 . 5 * 0 . 6 
8 . 1 * 0 . 3 
8 .8 
7 . 1 * 0 . 4 1 
8 .8 
23* 
pCi Sr-90/day 
1 5 . 8 * 3 . 1 
18 .2*5 .8 
1 6 . 6 * 1 . 8 
20 .5 
1 8 . 2 * 3 . 1 
1 4 . 4 * 0 . 2 
1 3 . 1 * 0 . 0 
1 4 . 6 * 0 . 6 
16 .4 
13 .4*0 .7 
15.9 
26* 
g Ca/day 
1 .78*0 .04 
1 .77*0 .09 
1 .71*0.00 
1 .83 
1 .83*0 .11 
1 .85*0.04 
1 .74*0 .12 
1 .80*0 .02 
1.79 
1 .90*0 .02 
1.83 
6* 
pCi Cs-137/g K 
8 .5*0 .7 
7 .6*2 .2 
7 .8*0 .4 
8 .8*2 .0 
1 A T + A C 
7.4+0.4 
9 .3*2 .0 
6 .9*0 .3 
8.3 
7.4 
8 .0 
23* 
pCi Cs-137/day 
2 9 . 8 * 1 . 0 
2 6 . 9 * 5 . 8 
29 .8+1 .0 
31 .4+4 .1 
34 .0+0 .6 
28 .2+1 .3 
3 5 . 2 * 5 . 1 
2 5 . 9 * 0 . 3 
30 .2 
25 .5 
28.5 
15* 
Table 5.7.2 
Sr-90 and Cs-137 in Danish total diet collected in December 1972 
Zone 
I: 
I I : 
I I I : 
IV: 
V: 
VI: 
VII: 
VIII: 
N. Jutland 
E. Jutland 
W. Jutland 
S. Jutland 
Funen 
Zealand 
Lo l land-Fa l s t er 
Bornholm 
Mean 
Copenhagen 
Population-weighted 
mean 
Relat ive error due to 
sampling and a n a l y s i s 
pCi S r - 9 0 / g Ca 
8 . 1 + 0 . 3 
8 . 1 * 0 . 1 
8 . 9 * 0 . 0 
8 . 8 * 0 . 6 
6 . 3 * 0 . 6 
6 .7*0 .5 
5 . 9 * 0 . 4 
7 . 0 * 0 . 3 
7 . 5 
6 . 8 * 0 . 6 
7 .5 
8* 
pCi Sr-90/day 
1 2 . 9 * 0 . 5 
1 2 . 7 * 0 . 1 
14 .5*0 .5 
14 .0±0 .8 
9 . 5 * 0 . 0 
1 0 . 8 * 1 . 3 
9 . 1 * 0 . 3 
12 .0+0 .0 
11 .9 
12 .0*1 .4 
12.? 
7* 
g Ca/day 
1 .61*0 .0 
1 .58*0 .0 
1 .62*0 .1 
1 .55*0 .1 
1 .53*0 .2 
1 .61*0 .1 
1 .55*0 .1 
1 .73*0 .1 
1.60 
1 .79*0 .0 
1.65 
9* 
pCi Cs-137/g K 
5 .4+1.6 
5 .7*0 .0 
5 .3*1 .6 
5 .6*0 .9 
8 .4±4.5 
5 .6+1.0 
7.4*1.:? 
6.111..'' 
6.2 
7.4 
M 
44 % 
pCi Cs-137/day 
19 .4*5 .7 
2 1 . 2 * 0 . 0 
20 .1±5 .0 
2 2 . 1 * 3 . 9 
2 4 . 7 * 9 . 5 
2 0 . 1 * 4 . 1 
2 8 .4 * 4 .2 
2 0 . 5 * 4 . 6 
22 .1 
25.1 
22 .4 
33* 
54 
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Fig . 5. 7 . 1 . pCi 9 0 S r / g Ca in Danish total diet, 1 961 - 7 2 . 
pCi 13fcs/day 
<0 (0 (O tO tO tO 
c 
3 I******** 
Fig. 5 . 7 . 2. pCi * 3 7 C s / d a y from Danish total diet, 1 963-72 . 
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5.8. Strontium-90 and Caesium-137 in Miscellaneous Foodstuffs 
5 . 8 . 1 . Strontium-90 and Caesium-137 in Meat 
Pork and beef samples were collected in Copenhagen in three big shops 
in March, June, September, and December. Table 5.8.1 shows the results. 
Figs. 5 .8 .1 .1 and 5 .8 .1 .2 show a comparison between milk and meat levels. 
The ratio (pCi 9 0Sr/kg meat)/(pCi ^ S r / l milk) was 0.1 8 (S. E. 0.02), and the 
corresponding ratio for Cs was 5.1 (S. E. 0.3) for the period 1962-1 972. 
(In these calculations meat consisted of 2/3 pork and 1/3 beef) (cf. also 
Appendix C). 
Table 5 .8 .1 
Sr-90 and Cs-137 in pork and beef fro« Copenhagen in 1972 
Species 
Pork 
Beef 
Unit 
pCi Sr-90/kg 
pCi S r - 9 0 / g Ca 
pCi Cs-137/kg 
pCi Cs-137/g K 
pCi Sr-90/kg 
pCi S r - 9 0 / g Ca 
pCi Cs-137/kg 
pCi Cs-137/g K 
March 
A 0.72 
5 . 9 
57 
22 
B 0.93 
8 . 3 
51 
15 
A: r e l a t i v e S . D . : 20-33* 
B: r e l a t i v e S . D . : > 33$ 
June 
A 1.00 
9 .7 
19 
13 
1.11 
9 .3 
A21 
7 .5 
Sep . 
B 0 .51 
1 .9 
59 
21 
A 0 .97 
9 .7 
15 
12 
Dec. 
B 0 .30 
2 . 0 
16 
18 
A 0.68 
8 . 2 
30 
9 .1 
Mean 
0.63 
5.6 
53 
19 
0.92 
8 . 9 
38 
10 .9 
PCi 9 0 S r /Kg 
62 63 64 65 66 67 68 69 "0 ' 71 \ j 2 
Fig. 5.8.1.1. Strontium-90 in Danish milk and meat (2/3 pork and 1 /3 beef), 
1962-72. 
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1000 rpCi 137Cs/kg 
10 62 63 64 65 66 67 68 69 70 71 72 
Fig* 5.8.1.2. Caesium-1 37 in Danish milk and meat (2/3 pork and 1 /3 beef), 
1962-72. 
5. 8. 2. Strontium-90 and Caesium->137 in Fish 
Fish samples were collected around Zealand in June-December. Tables 
90 
5.8. 2.1 and 5.8. 2. 2 show the resul t s . The mean levels were 2.3 pCi ™Sr/kg 
i 37 
meat (1 SE: 0. 5) and 78 pCi Cs/kg meat (1 SE: 29). The levels were in 
agreement with previous years concentrations cf. 5. 8. 2. Tables 0.8. 2.1 
and 5. 8. 2. 2 show a number of 1 971 samples; the mean levels of these 
90 1 3 7 
samples were 1. 2 pCi Sr/kg meat (1 SE: 0.1) and 45 pCi Cs/kg meat 
(1 SE: 7). The levels were not significantly different from those reported 
in Risø Report No. 265 from 1 971. 
90 Fig. 5.8. 2 shows a correlation between Sr in surface sea water and 
90 90 
Sr in fish meat. The Sr concentration in fish was approx. twice that in 
sea water. 137 The figure further shows that the Cs concentration in fish was approx. 
90 137, 90, a hundred times the Sr level in sea water. The Cs / Sr ratio in sea 
water is 1.6 (1 SE:0.1) 
water becomes 65. 
16) hence the concentration factor for fish from sea 
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Table 5 .8 .2 .1 
Sr-90 and Cs-137 in cod col lected in 1971 and 1972 in Danish waters 
(the saaples fro* 1971 have not been published e a r l i e r ) 
Cod 
12°25*E 
z
 Hundested 
* Kerteainde 
baj 
Barseblck 
I 
Barsebick 
II 
Barseblck 
III 
•eat 
bone 
•eat 
bone 
•eat 
bone 
•eat 
bone 
•eat 
bone 
•eat 
bone 
Mean ±1 S.E. aeat 
Mean tl S.E. bone 
Month 
June 
June 
June 
June 
June 
June 
pCi Sr-90/kg 
1.83 
A 0.87 
B 0.66 
B 0.72 
B 3.82 
A 2.26 
1.69*0.50 
-
pCi Sr-90/g Ca 
1.83 
1.23 
A 1.66 
B 1.00 
0.81 
B 0.66 
0.6« 
B 6.45 
0.39 
A 2.77 
0.71 
2.5010.82 
0.76±0.14 
pCi Cs-137/kg 
107 
52 
51 
119 
171 
60 
93*20 
-
pCi Cs-137/g K 
21 
15 
1% 
30 
»3 
16 
23*5 
-
* Collected in 1971. 
A: relative S.D.: 20-33* 
B: relative S.D.: >33J 
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Table 5 .8 .2 .2 
Sr-90 and Cs-137 in fish (apart fro« cod) .col lected in 1971 and 1972 in Danish waters 
Spec ies 
X 
Dab 
Barseblck 
Trawlestat ion C 
X 
Dab 
55°52f5"N 
12°39 fE 
X 
Dab 
Kerteminde bay 
X 
Pla ice 
BarsebSck 
Trawlestat ion C 
F l a t f i s h 
Barseback 
P la i ce 
BarsebSck 
X 
Garfish 
Kalundborg 
X 
Mackerel 
G i l l e l e j e 
X 
Mackerel 
Skagen 
X 
Small f i s h e s 
Kerteminde bay 
X 
Herring 
Hundested 
Mean • SD 
Mean • 3D 
Mean • SD 
neat 
bone 
• e a t 
bone 
• e a t 
bone 
• e a t 
bone 
• e a t 
bone 
• e a t 
bone 
• e a t 
bone 
meat 
bone 
• e a t 
bone 
t o t a l 
meat 
bone 
meat 
bone 
t o t a l 
Month 
Oct . 
June 
June 
Oct. 
June 
June 
June 
June 
June 
June 
June 
pCi Sr-90/ltg 
1 .43 
B 1 .38 
1.57 
A 0 .96 
2 .51 
2 .17 
-
B 0 .81 
B 0 .95 
-
-
1 .47*0.21 
pCi S r - 9 0 / g Ca 
0.77 
0 .52 
B 0.57 
0 .64 
0 .70 
0 .41 
A 1.36 
0 .43 
1.38 
0 .39 
3 .19 
0 .63 
-
B 1.62 
A 0 .50 
B 6.78 
B 0 .53 
-
^ 
2 .01±0 .73 
0 .51*0 .03 
pCi Cs-137/kg 
28 
39 
27 
35 
20 
22 
71 
36 
38 
20 
41 
36*5 
20±0 
pCi Cs-137/g K 
6 
10 
8 
8 
7 
8 
15 
10 
9 
6 
9 
9*1 
6*0 
': Col lec ted in 1971 
A: r e l a t i v e 3 . D . : 20-33* 
B: r e l a t i v e S .D. : >33X 
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Fig. 5.8.2. Strontium-90 and ! Cs in Danish fish compared with ^Sr in 
sea water, 1961 -72 (cf. remarks in Risø Report No. 265* \ p. 64, 
concerning the 1970 levels). 
5 .8 .3 . Strontium-90 in Drinking Water 
Along with the total-diet samples, 10 1 of drinking water was collected 
in June in each of the 48 towns (cf. figs. 5. 2.1 and 5.2 .2) . The 10 1 samples 
were bulked into eight zone samples, each comprising 60 1 of water. The 
samples were analysed, by the method used for ground water, for Sr, 
stable strontium, and calcium. 
Table 5.8. 3 shows the results. 
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Table 5.8.3 
Sr-90 in Danish drinking water in June 1972 
Zone 
I: 
II: 
III: 
IV: 
V: 
VI: 
VII: 
VIII: 
N-Jutland 
E-Jutland 
W-Jutland 
S-Jutland 
Funen 
Zealand 
Lolland-Falster 
Bornholm 
Mean 
Copenhagen 
Median of zones 
Ax relative S.D.: 20-
pCi Sr-90/1 
0.029 
0.032 
0.011 
0.001 A 
0.010 A 
0.015 A 
0.015 B 
0.018 B 
0.017 
0.087 
0.015 
33% 
B: relative S.D.: > 33* 
g Ca/1 
0.085 
0.078 
0.059 
0.075 
0.130 
0.107 
0.114 
0.066 
0.089 
0.135 
0.082 
mg Sr/g Ca 
6.5 
9.1 
3-9 
3.4 
9-3 
19.8 
24.0 
6.8 
10.4 
9.7 
7.9 
5.8 .4 . Strontium-90 and Caesium-1 37 in Various Foodstuffs 
In December a number of imported and other foods were provided from 
shops in Copenhagen. Table 5. 8.4 shows the results. 
Table 5.8.4 
Sr-90 and Cs-137 in various foods collected in Copenhagen in December 1972 
Sample 
Coffee 
Tea 
Orange 
Lemon 
Banana 
Hazelnut 
Grape 
Raisin 
Oatmeal 
Cheese 
Chicken meat 
Chicken bone 
Chicken pluck 
A: relative S 
B: relative S 
pCi Sr-90/kg 
10.0 
50.8 
5.2 
11.1 
1.6 
6«.4 
2.6 
7.3 
27.3 
45.0 
0.6 
-
1.0 
.D.:20-33* 
.D.:>33* 
S.U. 
12.9 
33.2 
14.2 
39.6 
29.6 
52.8 
16.2 
12.2 
7.5 
6.5 
3.2 
2.1 
14.0 
pCi Cs-137/kg 
A 36 
247 
-
B 1.8 
B 2.2 
66 
B 1.1 
B 6.4 
47 
B 5 
A 9 
-
A 19 
M.U. 
A 2 
16 
-
B 0.9 
B 0.6 
8 
B 0.5 
B 0.8 
18 
B 7 
A 3 
-
A 6 
nSr mg/g Ca 
17.6 
21.6 
6.6 
7.5 
4.8 
4.3 
12.3 
5.4 
2.2 
0.7 
1.1 
1.6 
| 2.9 
6 1 
QO 137 
5. 9. Estimate of the Mean Contents of * Sr and Cs in the Human Diet 
in Denmark in 1972 
5. 9 .1 . The Annual Quantities 
The annual quantities are calculated by multiplication of the daily quan-
tities (as stated by E. Hoff-Jørgensen, cf. Risø Report No. 63, table B1 )^ 
by 365. 
5. 9.2. Milk and Cream 
90 137 
The Sr and Cs contents per kg milk were calculated from the 
annual mean values for dried milk (cf. tables 5.1.1 and 5 .1 . 3). 1 kg ~ 1 1 
milk, containing approx. 1.2 g Ca and 1.66 g K. Hence the mean contents 
in milk were 7. 9 pCi 9 0Sr/kg and 11 pCi 1 3 7 Cs/kg . 
5. 9.3. Cheese 
90, 
137 
1 kg of cheese contains approx. 8.5 g Ca and 1.2 g K. The Sr and 
Cs contents in cheese were calculated from these figures and from the 
S. U. and M. U. levels in dried milk (cf. tables 5.1.1 and 5.1.3) . 1 kg of 
90 137 
cheese appeared to contain 56 pCi Sr and 8 pCi Cs. 
5. 9.4. Grain Products 
90 137 
Tables 5. 9.1 and 5. 9. 2 show the estimates of Sr and Cs respec-
tively in grain products consumed in 1 972. From these tables the activity 
90 137 
levels in grain products were estimated at 27 pCi Sr/kg and 57 pCi Cs/kg. 
Table 5 .9 .1 
Estimate of the Sr-90 content in grain products consumed 
per capita in 1972 
Type 
Rye flour 
(100* ex-
traction) 
Wheat flour 
(75* ex-
traction) 
Grits 
Total 
Fraction from harvest 
1971 
kg flour 
21.9 
32.9 
5.5 
60.3 
pCi/kg 
62 
9.6 
30.4 
30.5 
pCi 
1558 
316 
167 
1841 
Fraction from harvest 
1972 
kg flour 
7.3 
10.9 
1.8 
20.0 
pCi/kg 
29 
6.6 
23.2 
16.3 
pCi 
212 
72 
42 
326 
Total 
pCi 
1570 
388 
209 
2167 
62 
Table '5.9 ? 
Estimate of the Cs-137 content i n g ra in products consumed 
per cap i t a in 1972 
Type 
Rye flour 
(100* ex-
traction) 
Wheat flour 
(75* ex-
traction) 
Grits 
Total 
Fraction from harvest 
1971 
kg flour 
21.9 
32.9 
5.5 
60.3 
pCi/kg 
125 
33 
62 
69 
pCi 
2738 
1086 
341 
1*165 
Fraction from harvest 
1972 
kg flour 
7.3 
10.9 
1.8 
20.0 
pCi/kg 
37 
9.4 
18.5 
20 
pCi 
270 
102 
33 
405 
Total 
pCi 
3008 
1188 
37*» 
4570 
5. 9. 5. Potatoes 
. 90, 
137 
The figures in table 5. 5.1 were used, i. e. 2. 9 pCi Sr/kg and 4. 9 pCi 
Cs/kg. 
5. 9. 6. Vegetables 
Table 5. 6. 5 shows the calculation of 9 0 Sr and ] 3 7 Cs in Danish vegetables 
QA 
consumed in 1 972. The mean contents were 11. 6 pCi Sr/kg and 2.4 pCi 
1 3 7 Cs/kg . 
5. 9. 7. Fruit 
The levels in imported fruit in 1 972 are assumed to be equal to the mean 
levels found in lemons, oranges, and bananas collected in Copenhagen in 
1 972, i. e. 3.4 pCi 9 0 Sr/kg and 1. 3 pCi 1 3 7 Cs /kg (cf. 5. 8.4). The mean 
levels in Danish fruit in 1 972 were 2. 7 pCi 9 0 Sr /kg and 5 pCi Cs/kg 
(cf. 5. 6). The daily mean consumption of fruit consisted of 100 g of Danish 
and 40 g of foreign origin. Hence the mean contents in fruit were 2. 9 pCi 
9 0 Sr/kg and 4 pCi 1 3 7 Cs/kg . 
5. 9. 8. Meat 
90 137 
From table 5.8.1 the annual mean values of Sr and Cs in meat 
were calculated: 0. 7 pCi 9 0 Sr /kg and 48 pCi * 3 7 Cs/kg . (Danish meat 
consists of 2/3 pork and 1/3 beef). 
5. 9. 9. Fish 
The 9 0 Sr and 1 3 7 Cs contents in fish a re given in 5. 8. 2, i. e. 2. 3 pCi 
90 137. Sr/kg and 78 pCi Cs/kg. 
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5. 9.10. Eggs 
The activity contents in eggs were estimated from last years measure-
ments1 \ The levels were 2 pCi 9 0 Sr /kg and 4 pCi ] 3 7 Cs/kg . 
5. 9 .11. Coffee and Tea 
A third of the total consumption consists of tea and two thirds of coffee. 
90 The mean contents were consequently (cf. 5. 8.4) 23.6 pCi Sr/kg and 106 
pCi 1 3 7 Cs /kg . 
5. 9.1 2. Drinking Water 
90 The Sr level found in drinking water collected in June (cf. table 
5. 8. 3) was used as the country mean for drinking water, i. e. 0. 02 pCi 
90 137 
Sr /1 . The Cs content in drinking water is assumed to be negligible. 
5. 9.1 3. Discussion 
90 1 S 7 
Tables 5. 9. 3 and 5. 9.4 show the estimates of Sr and Cs in the 
Danish diet in 1 972. The figures should be compared with the levels cal-
90 
culated from the total-diet samples (cf. 5. 7). The Sr estimates obtained 
137 by the two methods were 8.2 S. U. and 7.8 S. U. respectively, and the Cs 
estimates were 31 pCi Cs/day and 30 pCi Cs/day. 
Table 5.9.3 
Estimate of the mean content of Sr-90 in the human diet in Denmark in 1972 
Type of food 
Milk and cream 
Cheese 
Grain products 
Potatoes 
Vegetables 
Fruit 
Neat 
Eggs 
Fish 
Coffee and tea 
Drinking water 
Total 
Annual 
quantity 
in kg 
164.0 
9.1 
80.3 
73.0 
43.8 
51.1 
54.7 
10.9 
10.9 
5.5 
548 
pCi Sr-90 
per kg 
7.9 
56.0 
27.0 
2.9 
11.6 
2.9 
0.7 
2.0 
2.3 
23.6 
0.02 
Total 
pCi Sr-90 
1296 
510 
2167 
212 
508 
148 
38 
22 
25 
130 
11 
5067 
Percentage of 
total pCi Sr-90 
in food 
25-6/' 
10.1 
42.8 
4.2 
10.0 
2.9 
0.7 
0.4 
0.5 
2.6 
0.2 
The mean calcium intake was estimated at 620 g (approx. 200-250 g Creta 
praeparata). Hence the Sr-90/Ca ratio in the total diet was 8.2 S.U. 
in 1972. 
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Table 5.9.1 
Estimate of the mean content of Cs-137 in the human diet in Denmark in 1972 
Type of food 
Milk and cream 
Cheese 
Grain products 
Potatoes 
Vegetables 
Pruit 
Meat 
Eggs 
Fish 
Coffee and tea 
Drinking water 
Total 
Annual 
quantity 
in kg 
161.0 
9.1 
80.3 
73.0 
43.8 
51.1 
51.7 
10.9 
10.9 
5.5 
548 
pCi Cs-137 
Der kg 
11 
8 
57 
U.9 
2.4 
4 
48 
4 
78 
106 
0 
Total 
pCi Cs-137 
1804 
73 
M570 
358 
105 
204 
2626 
44 
850 
583 
0 
11217 
Percentage of 
total pCi Cs-137 
in food 
16.1 
0.7 
40.7 
3.2 
0.9 
1.8 
23.4 
0.4 
7.6 
5.2 
0 
As the approximate intake of potassium was 1365 g, the pCi Cs-137/g K 
ratio was appr>x. 8.2. The daily mean intake in 1972 was 31 pCi Cs-137 
per capita. 
The relative contribution of *vSr from milk products decreased from 
approx. 40% in 1 971 to 36% in 1 972, whereas that from grain products in-
creased from 34 to 43%. The contribution from potatoes, other vegetables, 
and fruit was 1 7%, i. e. a little lower than in 1 971. The relative contribu-
1 37 tion of Cs in the total diet changed as follows from 1 971 to 1 972: Milk 
products were unchanged 17%, grain products increased from 32 to 41 %, 
and meat decreased from 32 to 23%. 
6. STRONTIUM-90 AND CAESIUM-1 37 IN MAN IN 1 972 
6 .1 . Strontium-90 in Human Bone 
The collection of human vertebrae from the institutes of forensic medi-
et 
cine in Copenhagen and Arhus was continued in 1 972. As in the total-food 
survey (cf. 5. 7), the country was divided into eight zones. The samples 
were divided into five age groups: new-born ( ( 1 month), infants (1 month-
4 years), children and teen-agers ( 5 - 1 9 years), adults (*29 years) and 
adults ( )29 years). 
Tables 6.1.1 - 6 .1 .5 show the results for the five groups. 
The levels were generally lower in 1 972 than in 1 971 for all age groups 
except new-born. The highest levels in vertebrae were found in the infant, 
the lowest among adults (cf. fig. 6.1). Adults between 20 and 29 years 
showed as previously higher levels than adults of more than 29 years. 
As in previous years ', the mean OR: S. U. (new-boras* bone)/S. U. 
(mothers1 diet during pregnancy) was calculated from tables 6 .1 .1 , 5. 7.1, 
and 5. 7. 2 and Risø Report No. 245, tables 5. 7.1 and 5. 7. 2 '. For the 
years 1 963-71 we found a mean OR value of 0.108 10.008(1 SE), but in 1 972 
the observed ratio was 0. 23 - 0.05. We have no explanation for this probably 
significant greater OR in 1 972. 
Table 6.1.1 
Sr-90 in bone from new-born children (< 1 month old) in 1972 
Zone 
I 
I 
Aee in 
days 
II 
II 
III 
VI 
1 
17 
2 
7 
J 
Month 
of 
death 
3 
1 
3 
1 
8 
Sex 
M 
P 
P 
P 
A: relative S.D.: 20-33? 
B: relative S.D.: >33* 
pCi Sr-90/g Ca 
2.03 
2.55 
3.06 
0.47 
2.09 
1.16 
66 
Table 6.1.2 
Sr-90 in bone from in fan t s (_< 4 years old) in 1972 
Zone 
I 
I 
I 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
Ace in years 
and months 
1 m 
7 m 
8 m 
2 m 
3 m 
5 m 
6 m 
10 m 
3.5 y 
4 m 
10 m 
3 y 
3.5 y 
4 y 
3 m 
4 m 
4 m 
7 m 
4 m 
5 m 
1.7 y 
Month 
of 
death 
5 
1 
4 
1 
2 
5 
5 
4 
3 
3 
2 
4 
1 
2 
2 
11 
2 
1 
9 
2 
1 
Sex 
F 
F 
F 
M 
M 
M 
M 
M 
M 
F 
P 
F 
F 
P 
M 
M 
M 
M 
P 
P 
P 
pCi Sr-90/g Ca 
1.46 
2.81 
2.02 
1.35 
1.56 
2.01 
2.45 
2.20 
6.02 
2.10 
1.75 
1.67 
1.61 
1.40 
2.01 
6.98 
3.49 
1.64 
2.71 
2.18 
2.15 
67 
Table 6 .1 .3 
90 in bone from chi ldren and teen-agers (< 19 years) in 1972 
Zone 
I 
I 
I 
I 
II 
II 
II 
II 
II 
III 
IV 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
Age in 
years 
11 
18 
19 
16 
8 
11 
17 
17 
19 
15 
7 
5 
5 
8 
14 
15 
16 
16 
17 
18 
18 
18 
19 
19 
19 
19 
6 
10 
14 
18 
Month 
of 
death 
3 
4 
3 
4 
3 
5 
5 
2 
3 
5 
3 
11 
11 
3 
2 
5 
11 
1 
9 
9 
1 
1 
10 
5 
4 
3 
2 
5 
11 
9 
Sex 
M 
M 
M 
F 
M 
M 
M 
F 
F 
M 
F 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
F 
P 
F 
F 
A: relative S.D.: 20-33* 
B: relative S.D.: >33/& 
pCi 
A 
A 
A 
A 
B 
A 
A 
A 
A 
Sr-90/g Ca 
1.53 
1.58 
1.63 
1.85 
2.12 
2.05 
2.16 
1.81 
2.11 
2.09 
1.68 
0.92 
1.11 
1.73 
1.62 
1.76 
2.38 
1.44 
1.60 
1.57 
1.19 
1.71 
1.10 
1.45 
1.24 
2.54 
3.32 
2.63 
1.13 
1.64 
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Table 6.1.4 
Sr-90 in ver tebrae from adu l t s (£ 29 years) in 1972 
Zone 
I 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
ARC in 
years 
22 
20 
21 
21 
22 
23 
24 
25 
27 
Month 
of 
death 
3 
1 
11 
4 
3 
3 
3 
2 
2 
Sex 
M 
M 
M 
M 
M 
M 
M 
M 
M 
pCi Sr-90/g Ca 
A 1.61 
1.44 
1.61 
1.76 
2.09 
1.44 
1.60 
1.93 
A 1.56 
A: relative S.D.: 20-33*. 
Table 6 .1 .5 
Sr-90 in ver tebrae from a d u l t s (> 29 years old) in 1972 
Zone 
I 
I 
VI 
VI 
VII 
Age in 
years 
36 
61 
33 
30 
44 
Month 
of 
death 
1 
2 
3 
11 
10 
Sex 
M 
M 
M 
P 
M 
pCi Sr-90/g Ca 
1.38 
1.93 
1.63 
A 1.18 
A 1.03 
A: relative S.D.: 20-33* 
Table 6 .1 .6 
Sr-90 (pCi/g Ca) in human ver tebrae co l lec ted in Denmark in 1972 
Age group 
New-born 
(< 1 month) 
Infants 
(£ 4 years) 
Children 
(<_ 19 years) 
Adults 
(<_ 29 years) 
Adults 
(^  30 years) 
Number of 
samples 
6 
21 
30 
9 
5 
Min. 
0.47 
1.35 
0.92 
1.44 
1.03 
Max. 
3.06 
6.98 
3.32 
2.09 
1.93 
Median 
2.06 
2.02 
1.66 
1.61 
1.38 
Mean 
1.89 
2.46 
1.76 
1.67 
1.43 
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Fig. 8.1. Strontium-90 in human vertebrae in 1972 (the figure* in the 
circles indicate the number of samples). 
Table 6.1.7 
Zone 
I 
I 
I 
II 
II 
II 
II 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
Sr-90 
Age 
4 years 
44 years 
51 years 
5 days 
4 months 
19 years 
64 years 
5 years 
9 years 
l8 years 
19 years 
16 years 
in huaan 
Month 
of 
death 
12 
11 
12 
12 
12 
11 
12 
9 
12 
9 
12 
12 
20 years 7 
20 years 
21 years 
28 years 
30 years 
38 years 
9 
7 
11 
11 
6 
33 years n 
A: relative S.D.: 20-33*. 
bone in 
Sex 
N 
H 
P 
P 
H 
M 
N 
M 
M 
M 
M 
P 
-
M 
M 
M 
M 
M 
' 
1971 
pCi Sr-90/g Ca 
2.34 
1.80 
1.04 
A 0.97 
A 2.15 
1.91 
1.83 
A 2.30 
2.15 
2.42 
A 1.75 
2.25 
A 1.62 
1.80 
1.32 
A 1.84 
A 1.98 
1.81 
3.60 
70 
6. 2. Caesium-137 in the Human Body 
In July 1 963, whole-body measurements were initiated at Risø in the 
low-level counting room in the Health Physics Department (cf. 2.3 in Risø 
Report No. 85 '). A control group from the Health Physics Department 
was selected and has since then been measured three times a year. Table 
6. 2 shows the results. 
137 The annual mean value of the control group was 16 pCi Cs/g K. As 
earlier, we shall consider this figure representative of the mean of the 
137 Danish population in 1972. The total-body content of Cs in 1972 for a 
-3 
standard man containing 140 g of potassium equals 140 • 16* 10 nCi = 
137 2. 2 nCi Cs, i. e. a little higher than the 1971 level. 
Fig. 6.2 shows the mean M. U. values (with one S. D.) for men and 
women measured in 1963-1 971. 
The maximum was reached in August 1964. The figure also shows that 
the mean level in the male group was approx. 1 . 3 - 1 . 5 times as high as that 
in the female group. 
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Table 6.2 
Whole-body aeasureeents of caesiur-13? and pctassiur. in 1??2 
No. 
2 
5 
6 
7 
8 
9 
10 
11 
Sex 
P 
F 
F 
F 
N 
n 
F 
P 
12 H 
13 
15 
18 
19 
20 
21 
22 
23 
2* 
25 
26 
30 
31 
32 
33 
36 
37 
91 
5 
7 
8 
9 
12 
19 
20 
21 
2k 
30 
33 
3* 
35 
37 
39 
P 
P 
H 
N 
H 
P 
H 
H 
H 
P 
P 
H 
H 
P 
N 
F 
M 
H 
P 
P 
H 
n 
M 
N 
M 
P 
n 
M 
If 
M 
M 
M 
P 
Counting 
date 
April 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Sept. 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
*g* 
24 
28 
35 
44 
40 
44 
25 
33 
3* 
40 
36 
33 
29 
40 
51 
«9 
42 
41 
30 
33 
26 
30 
*3 
41 
26 
35 
47 
28 
44 
40 
44 
34 
29 
40 
51 
41 
26 
41 
30 
31 
35 
23 
Height 
in cr. 
170 
171 
164 
171 
193 
170 
164 
180 
174 
161 
165 
178 
174 
172 
176 
183 
192 
170 
167 
160 
168 
182 
157 
184 
158 
175 
174 
171 
171 
193 
170 
174 
174 
172 
176 
170 
168 
184 
177 
181 
175 
172 
Weight 
in kg 
61 
99 
59 
64 
8C 
66 
46 
71 
72 
56 
53 
76 
73 
66 
65 
76 
89 
71 
57 
56 
58 
78 
64 
63 
*5 
68 
86 
99 
64 
80 
66 
74 
12 
62 
65 
71 
58 
63 
72 
74 
63 
62 
pCi Cs-137/g K 
14.8 
6.3 
14.9 
17.9 
18.9 
16.5 
19.6 
11.9 
10.4 
16.1 
16.2 
7.4 
18.8 
21.6 
13.2 
25.3 
32.1 
15.8 
14.8 
19.7 
1*.3 
21.6 
11.7 
24.4 
13.8 
22.9 
13.9 
11.1 
11.9 
31.1 
11.3 
25.6 
10.2 
9.5 
8.5 
14.6 
15.2 
20,1 
5.5 
17.9 
22.3 
7.7 
pCi Cs-13 
26.1 
7.5 
21.2 
29.6 
34.3 
32.4 
36.7 
20.3 
21.9 
31.7 
28.0 
14.6 
37.3 
46.2 
21.5 
61.7 
59.1 
34.9 
21.7 
34.8 
30.2 
45.5 
17.5 
58.0 
26.5 
*9.1 
23.8 
14.8 
15.0 
53.1 
27.7 
32.3 
10.9 
15.5 
9.5 
24.8 
46.5 
46.1 
12.5 
20.1 
28.1 
11.7 
72 
No. 
40 
42 
43 
91 
2 
4 
5 
7 
8 
9 
12 
13 
15 
17 
18 
19 
20 
21 
23 
24 
25 
26 
30 
31 
32 
33 
34 
35 
37 
39 
bO 
42 
43 
44 
45 
46 
48 
Sex 
N 
N 
M 
M 
F 
F 
F 
F 
N 
M 
N 
F 
F 
F 
N 
M 
N 
F 
M 
M 
F 
F 
M 
M 
F 
M 
M 
M 
M 
F 
M 
M 
M 
F 
F 
M 
F 
Counting 
date 
-
-
-
-
Dec. 
-
-
-
-
-
-
-
-
-
\. 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
' 
Age 
25 
44 
55 
47 
24 
48 
28 
44 
40 
44 
34 
40 
36 
32 
33 
30 
40 
51 
42 
41 
30 
33 
26 
30 
43 
41 
30 
31 
35 
23 
25 
44 
55 
22 
25 
44 
33 
Height 
in cr. 
187 
172 
167 
174 
170 
161 
171 
171 
193 
170 
174 
161 
165 
159 
178 
174 
172 
176 
192 
170 
167 
160 
168 
182 
157 
184 
177 
181 
175 
172 
187 
172 
167 
170 
167 
176 
162 
Weight 
in kg 
73 
58 
68 
91 
5* 
60 
88 
64 
79 
65 
76 
56 
53 
57 
73 
72 
65 
65 
87 
75 
57 
56 
58 
78 
64 
63 
69 
74 
65 
62 
73 
59 
68 
58 
59 
76 
50 
pCi Gs-137/g K 
8.6 
16.2 
12.9 
8.3 
14.6 
9.2 
15.2 
15. * 
28.1 
7.3 
20.9 
12.9 
12.9 
12.0 
13.0 
23.1 
21.0 
13.8 
17.9 
27.9 
13.9 
14.6 
18.6 
19.2 
14.1 
15.7 
8.2 
51.5 
18.6 
9.8 
11.2 
32.1 
13.6 
4.0 
13." 
19.1 
17.1 
pCi Cs-137/kg 
13.0 
22.0 
15.6 
14.3 
26.1 
14.9 
20.7 
26.2 
51.8 
10.9 
42.8 
24.0 
20.1 
18.6 
24.1 
40.2 
38.3 
24.2 
31.7 
58.1 
20.0 
24.7 
39.6 
35.1 
21.5 
34.1 
17.0 
97.8 
38.0 
13.9 
26.4 
66.2 
25.8 
6.6 
30.2 
36.9 
30.8 
g K/kg 
body weight 
1.5 
1.4 
1.2 
1.7 
1.8 
1.6 
1.4 
1.7 
1.8 
1.5 
2.0 
1.9 
1.6 
1.5 
1.9 
1.7 
1.8 
1.8 
1.8 
2.1 
1.4 
1.7 
2.1 
1.8 
1.5 
2.2 
2.1 
1.9 
2.0 
1.4 
2.4 
2.1 
1.9 
1.6 
2.2 
1.9 
1.8 
73 
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Fig. 6.2. Caesium-137 mean levels in humans, 1963-72 (1 S.D. indicated). 
7. STRONTIUM-90 AND CAESIUM-! 27 IN SEA WATER IN 1 972 
The collection of sea-water samples initiated in 1 961 -62 was continued 
in 1 972. The samples were collected by the M/S Fyrholm in June and 
December around Zealand at the same locations as in 1 970 and 1 971 (cf. 
tables 7.1 and 7. 2) and by the DANA in February and September (cf. tables 
7.3 and 7.4). 
Brogmus ' has px oposed an equation for the water balance of the 
Baltic Sea: 
Run off precipitation inflow outflow evaporation 
500 km3 + 200 km 3 + 500 km 3 = 1000 km 3 + 200 km 3 
(1) 
"90 " 
Let us consider the period 1967-71 when the Sr-fall-out situation 90 has been stabilized, i. e. the variations in annual Sr fall-out rate and in 
accumulated Sr fall-out have been relatively small ' and annual mean 
levels in sea water from the inner Danish waters (cf. fig. 7. 2) have been 
rather constant (cf. fig. 7.1). Let us assume that the mean level in "run 
off" (river and stream water) for the period was equal to the measured 
mean level for Danish s t reams determined in 1 970-71, i. e. 0.40 - 0. 03 
pCi Sr/1 (cf. table 4. 4) ' and that the mean level in "precipitation" equals 
+ 90 
the Danish mean level for 1 967-71, i. e . : 1. 96 - 0.1 9 pCi Sr/1 (cf. table 
4 .4 .1) \ The Sr activity in "inflow" was considered equal to the mean 90 Sr level in bottom water with a salinity greater than 30 o/oo collected 
+ 90 
during the period in inner Danish waters, i. e. 0. 31 - 0. 04 pCi Sr /1 (11 
samples, mean, salinity: 33.1 - 0. 5 o/oo). The Sr mean level in "out-90 flow" was calculated as the mean Sr activity in surface water from the 
south-eastern stations in fig. 7.2, (i. e. the stations south of'55°20'N and 
east of 1 2 00f E), the mean level for the period became 0. 76 - 0.03 pCi 
90 + 
Sr/1 (1 7 samples, mean salinity: 10.4 - 0. 5 o/oo). Let us now calculate 
the left side in the Brogmus equation (1): (500 • 0.40+ 200 • 1. 96 + 500 • 0. 31 )Ci! 
90 QO 
747 Ci Sr and compare it with the right side: (1000 • 0. 76) Ci = 760 Ci Sr. 
Hence we may conclude that the annual mean outflow from the Baltic through 
90 
the Danish waters during the period 1967-71 was approx. 750 Ci Sr and 
90 
the inflow from the North Sea approx. 1 50 Ci Sr. 
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Table 7.1 
Sr-90 and Cs-137 in sea water collected around Zealand in June and December 1972 
Kulien 
n 
Hesselø 
it 
Kattegat SW 
n 
Asnæs rev 
it n 
Halskov rev 
n it 
Langeland bælt 
it n 
Femern b*lt 
tt n 
Gedser rev 
n n 
Stevns 
11 
The Sound - south 
n it it 
The Sound - north A 
11 n it 
The Sound - north B 
11 it 11 
Mean 
SD 
SE 
Mean 
SD 
SE 
Position 
N 
56°15' 12°25' 
56°10' J ll 0!^' 
56°07' 
55°33« 
55°20' 
51°52« 
51°36» 
11°10» 
10°i*7' 
11°02' 
1C°50» 
ll^S' 
51°28» I 12°13» 
55°l6« 12°31' 
55°25' I 12°39' 
55°18» 
55°59' 
i2°im • 
12°12' 
June 
depth 
in m 
0 
22 
0 
28 
0 
30 
0 
*5 
0 
18 
0 
50 
0 
27 
0 
27 
0 
12 
0 
Sr-90 
pCi/1 
0.62 
0.15 
0.25 
0.13 
0.51 
0.22 
0.72 
0.26 
0.68 
0.20 
0.56 
0.3* 
0.81 
0.38 
0.70 
0.52 
0.91 
0.92 
0.75 
surface I 
bottom 
O.65 
0.19 
0.06 
0.11 
0.22 
0.07 
Salinity 
0/00 
17.9 
27.2 
18.1 
27.2 
17.1 
31.0 
13.6 
26.5 
16.7 
32.8 
18.1 
21.1 
11.5 
22.5 
11.5 
20.8 
8.2 
6.5 
8.6 
11.5 
3.9 
1.2 
21.7 
8.1 
2.7 
depth 
in m 
0 
21 
0 
26 
0 
35 
0 
50 
0 
11 
0 
16 
0 
26 
0 
26 
0 
12 
19 
0 
27 
surface 
bottom 
December 
Sr-90 
pCi/1 
0.86 
0.53 
0.55 
0.11 
0.53 
0.31 
0.51 
0.11 
f\27 
0.53 
0.61 
0.61 
0.61 
0.65 
0.73 
0.63 
0.82 
0.71 
0.18 
0.58 
0.16 
0.61 
0.17 
0.05 
0.53 
0.12 
0.03 
Salinity 
0/00 
Cs-137 
pCi/1 
13.6 
27.1 
26.9 
27.7 
10.6 
30.6 
23.9 
28.8 
19.7 
25.2 
20.2 
21.0 
18.1 
19.1 
12.5 
15.6 
12.1 
12.6 
27.1 
12.6 
28.8 
16.2 
1.5 
1.1 
21.0 
6.0 
1.8 
1.03 
0.78 
0.71 
0.62 A 
0.77 
0.77 
0.75 
0.81 
0.39 B 
0.68 
0.51 
0.67 
0.88 
0.71 
0.92 
0.57 
0.59 
1.03 
0.61 A 
0.71 
0.71 
0.73 
0.19 
0.06 
0.73 
0.13 
0.01 
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In fig. 7. 3 is shown a regression line calculated from all data (129 
samples) from inner Danish waters obtained during 1 967-71. We found 
significant linear regression of the form 
.. 90 pCi Sr /1 = 0. 94 - 0. 01 8 salinity in o/oo (2) 
In the figure we have further more plotted the 1 972 data (table 7.1 and 
7. 2) and shown their regression line (3): 
90 pCi Sr /1 = 0. 97 - 0. 020 salinity in o/oo (3) 
We conclude from the figure that the 1 972 data as a whole did not deviate 
significantly from the 1 967-71 regression line (2). A few samples, e.g. a 
sample from October 1 972 (salinity 22 o/oo) (cf. table 7. 2), did not belong 
to the same population as the bulk of the data. 
90 
The Sr levels from the northern and western part of the Danish waters 
collected in February 1 972 (table 7. 3) also fit (2). However, if we look at 
the North Sea data in table 7.4 it is evident that five of the eight samples 
deviate significantly from the regression line (2). In fig. 7.4 the locations 
a re shown and it appears that the levels increase as one approaches the 
90 
northern part of Scotland. The surplus Sr probably a r i se from a British 
nuclear facility in northern Scotland. 
Table 7.3 
Sr-90 and Cs-137 in sea water collected in the North Sea, 
Skagerak and Kattegat in February 1972 
Position 
54°39,N 07°50*E 
52°39'N 02°l4»E 
5*°26»H O ^ ' E 
57°21'N 05°2i| ,E 
57°21'N 03°24»E 
57°38'N 09O51'E 
57°27fN 10°40'E 
Mean 
SD 
SE 
Sr-90 
pCi/1 
0.36±0.01 
0.19 
0.50*0.02 
0.31 
*0.31*0.02 
0.25 
0.66 
0.41 
0.11 
0.05 
Cs-137 
pCi/1 
0.55 A 
0.79 A 
0.67 
0.17 
0.12 
Sal in i ty 
o/oo 
32.1 
33.8 
34.6 
34.4 
34.9*0.1 
34.2 
20.5 
The error term i s the SE of the mean of double determi-
nations except it which were quadruple determinations. 
A; re la t ive S.D.: 20-33* 
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Table 7.4 
Sr-90 and Cs-137 in sea water co l lec ted by the DANA 
in the North Sea in September 1972 
Position 
57°46'N 10°00'E 
58°15'N 3°20'W 
60°55'N 0°10»E 
58°35'N 02°50'W 
57°24'N 05°00'E 
57°15,N 01°00»E 
59°25'N 02°10*W 
58°45'N 03°50»W 
Sr-90 
pCi/1 
0.36 
1.37 
0.19 
1.72 
0.36 
0.72 
1.51 
2.68 
Cs-137 
pCi.l 
0.79 
3.99 
0.31 B 
3.72 
0.27 B 
1.29 
2.80 
5.42 
Salinity 
o/oo 
31.2 
34.6 
35.0 
34.2 
35.0 
34.9 
34.6 
34.2 
B: relative S.D.: >33* 
Caesium-1 37 was determined in the samples from the autumn and the 
90 
winter in 1 972. The results appear in the tables along with the Sr de-1 9) terminations. Salo and Voipo ' and the German Hydrografic Institute in 
Hamburg ' have shown that the Cs/ Sr ratios in the Baltic Sea water 
are approx. one or a little less . In "norma:." sea water (35 o/oo salinity) 
+ 1 fi \ the ratio is approx. 1 . 6 - 0 . 1 '. 
If we relate the Cs/ Sr ratios in sea water from 1 972 to the salinity 
we get the regression: 
1 S 7 Qf) 
C s / a u S r = 0 .77+ 0.026 salinity in o/oo (4) 
137 90 From (4) we can calculate the Cs/ Sr ratio in 35 o/oo sea water 
to 1. 7 and in 10 o/oo sea water to 1.0. These levels a re in reasonable 
137 90 
agreement with the above mentioned figures. The mean Cs/ Sr ratio 
90 + 
in the North Sea samples with surplus Sr in table 7.4 is 2. 2 - 0. 2, the 
137 90 
Cs/ Sr ratio in these samples is thus perhaps a little higher than the 
expected ratio. 
8.4. 3. A Location in Zealand 
As it is important to have knowledge of the preoperational radiation 
levels before a nuclear power plant goes critical, it was in 1 967 decided to 
initiate such measurements at a location in Zealand (and one in Jutlant) 
which might be used for nuclear power plants in the future. 
The area around the location was divided into four zones: A, B, C, and 
D, with radii of 5, 10, 1 5, and 20 km respectively. The zones were each 
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15 
pCi 90Sr / I 
1.0 
0.5 
1 
» » ! , » » 
\ 
1962 1963 1964 1965 1966 1967 1968 19691970 1971 1972 
Fig. 7.1. Strontium-90 in surface sea water from inner Danish waters, 
1 962-72 (1 S. D. indicated). (From table 7.1). 
Fig. 7.2. Sea-water locations around Zealand. 
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pCi ^Sr/ I srawk, 
1967-71 
1972 
1.3 
1.2 
1.1 
1.0 - • 
30 Salinity in 7« 
Fig. 7. 3 . Strontium-90 in Danish sea water as a function of salinity. 
(+ observed values in 1972). 
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8 IQ I 
Fig. 7.4. Caesium-137 (upper figure) and Strontium-90 (lower figure) 
in surface sea water collected in the North Sea in september 1 972. 
8. SPECIAL SURVEYS 
8.1» Meteorological Mast Experiment 
As in previous years, samples of precipitation were collected from the 
90 meteorological mast at Risø at eight different heights. The Sr analyses 
were, as in 1 971, carried out on quarterly samples. 
90 Table 8.1.1 shows the Sr levels in the eight bottles throughout the 
90 year. An analysis of variance of the natural logarithm of the pCi Sr/1 
90 2 
and the mCi Sr/km figures showed as previously that the variations be-
tween months were highly significant (P ) 99. 95%). The variations between 
the different locations were significant (P ) 99.5%) in the case of pCi/1, but 
2 
not for mCi/km . 
The mean amount of precipitation in the eight bottles on the mast was 
450 mm in 1 972, i. e. 96% of the level measured in rain bottles at ground 
level at Risø (cf. table 3. 2 .4 .1) . The total deposition was 0.47 mCi Sr/km , 
i. e. 40% higher than the level measured at the ground stations at Risø (cf. 
3 .2.4) . 
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Table 8 . 1 . 1 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
1972 
Sr-90 i n 
0 m 
pCi /1 
0.854 
1.01 
0.643 
0.441 
x 0.757 
46 
5 
mCi/kur 
0.0633 
0.159 
0.0797 
0.0468 
Z 0.349 
1 mm 
the meteoro log ica l mast 1°72 
7 m 
pCi/1 
1.33 
1.30 
0.868 
0.600 
x 1.04 
448 
mCi/km 
0.105 
0.199 
0.109 
0.0542 
Z 0.467 
nun 
23 m 
pCi/1 
1.47 
1.21 
0.946 
0.425 
ic 1.03 
459 
mCi/km 
0.134 
0.184 
0.112 
0.0411 
E 0.471 
mm 
39 m 
pCi/1 I mCi/kaT 
1.42 
1.19 
0.954 
0.458 
x 1.02 
496 
0.159 
0.180 
0.119 
0.0494 
E 0.507 
BUR 
56 m 
pCi /1 mCi/km 
1.56 0.150 
I . 3 8 0.202 
1.03 0.120 
0.483 0.0450 
x 1.14 I 0.517 
4 'J3 mm 
72 m 
p C i / 1 
1.77 
1.23 
0.930 
0.523 
x 1.16 
mCi/km2 
0.219 
0.194 
0.111 
O.O5I2 
I 0.575 
498 mm 
— 
96 m 
p C i / 1 
1.78 
1.28 
0.918 
0.529 
x 1.14 
2 
mCi/km 
0.163 
0.180 
0.100 
0.0453 
Z 0.488 
427 mm 
123 ID 
p C i / 1 
2.07 
1.27 
0.798 
O.658 
x 1.10 
2 
mCi/km 
0.0958 
0.165 
0.0825 
0.0526 
Z 0.396 
359 mm 
Mean 
pCi/1 
1 .53 
1.23 
0.886 
0.515 
x 1.05 
mCi/knT 
0.136 
0.183 
0.104 
0.0482 
E 0.471 
450 mm 
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8. 2. Fission Product Ratios in Air Samples Collected in the Meteorological 
Mast in 1 972 
Air samplers of the injector type have been installed in the meteoro-
logical mast at the same altitudes as the rain bottles. Each sampler was 
equipped with an 8-cm glass-fibre filter which was changed every Monday. 
The thirteen filters from three months were combined to a quarterly sample 
3 
from each height. The total amount of air in a sample was approx. 7500 m . 
The samples were counted on a Ge(Li) detector for 24 hours. Strontium- 90 
was also determined. The levels in October-December were too low for a 
reliable determination. 
Table 8.2.1 
Ce-l4l/Ce-l44 in air filters collected quarterly at 8 different heights 
in the Meteorological mast at Risø in 1972 
0 m 
7 m 
23 m 
39 m 
56 m 
72 m 
96 m 
123 m 
X 
n 
J a n . - H a r . 
-
0 .60 
-
0.47 
0 .29 
0 .23 
-
0.18 
0 .35 
0 .50 
Apr.-June 
0 .80 
0.54 
1.12 
1.03 
1.47 
1.88 
1.06 
1.02 
1.12 
0 .37 
J u l y - S e p . 
0 .51 
0 .50 
0.57 
0.44 
0 .43 
0.34 
0 .33 
0.44 
0.44 
0.18 
Table 8.2.2 
Zr-95/Ce-l44 in air filters collected quarterly at 8 different heights 
in the meteorological mast at Risø in 1972 
0 m 
7 m 
23 m 
39 m 
56 m 
72 m 
96 m 
123 m 
X 
n 
Jan.-Mar. 
0 .52 
0.28 
0 .40 
0.42 
0.46 
0.31 
0 .82 
0.82 
0.50 
0.42 
Apr.-June 
1.11 
0 .89 
0 .83 
0.84 
0 .99 
1.44 
1.76 
1.35 
1.15 
0 .29 
Ju ly -Sep . 
0 .77 
0.86 
0.83 
0.85 
0.72 
0.76 
0.86 
0.78 
0.80 
0.07 
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Tables 8. 2.1 - 8 . 2. 6 show isotope ratios determined at the different 
heights. Analyses of variance were carr ied out on the rat ios. We found 
95 137 that Z r / C s ratio differed probably significantly with altitude (the ratio 
was higher at 96 m than at 7 m). A similar observation was made in 1 965 
(cf. Risø Report No. 1 30, p. 86)1 ' . 
Table 8.2.3 
Zr-95/Cs-137 in air filters collected quarterly at 8 different heights 
in the meteorological mast at Risø in 1972 
0 m 
7 m 
23 m 
39 m 
v 56 n 
72 m 
96 m 
123 m 
X 
n 
Jan.-Mar. 
3.22 
1.25 
1.79 
2.29 
1.87 
1.55 
2.89 
3.74 
2.32 
0.38 
Apr.-June 
10.9** 
8.03 
7.60 
8.51 
7.85 
8.46 
13.23 
6.1*8 
8.89 
0.24 
July-Sep. 
4.65 
3.7** 
3.98 
3.93 
4.29 
4.31 
5.83 
3.56 
4.29 
0.17 
Table 8.2.4 
Ru-106/Zr-95 in air filters collected quarterly at 8 different heights 
in the meteorological mast at Risø in 1972 
0 m 
7 m 
23 m 
39 m 
56 m 
72 m 
96 m 
123 m 
X 
n 
Jan.-Mar. 
1.05 
3.22 
1.20 
2.12 
1.27 
1.80 
0.54 
1.00 
1.53 
0.55 
Apr.-June 
0.29 
0.61 
0.47 
0.41 
0.46 
0.42 
0.21 
0.39 
0.41 
0.29 
Ju]y-Sep. 
0.98 
0.88 
1.15 
0.46 
0.94 
0.54 
0.79 
0.76 
0.81 
0.28 
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Table 8.2.5 
Ru-103/Ru-106 in air filters collected quarterly at 8 different height: 
in the meteorological mast at Risø in 1972 
0 m 
7 m 
23 m 
39 m 
56 m 
72 m 
96 ra 
123 m 
X 
n 
Jan.-Mar. 
0.56 
-
0.74 
0.86 
0.62 
-
1.15 
0.55 
0.75 
0.31 
— _ 
Apr.-June 
2.53 
1.21 
1.80 
1.64 
1.51 
1.38 
2.00 
2.22 
1.79 
0.25 
July-Sep. 
0.87 
0.93 
1.14 
1.90 
0.99 
0.97 
1.24 
0.84 
1.11 
0.31 J 
Table 8.2.6 
Cs-l37/Sr-90 in air filters collected quarterly at 8 different heights 
in the meteorological mast at Risø in 1972 
0 m 
7 m 
23 m 
39 m 
56 m 
72 m 
96 m 
123 m 
Jan.-Mar. 
1.45 
1.81 
1.86 
1.40 
1.84 
1.59 
1.74 
1.53 
1.65 
0.11 
Apr.-June July-Sep 
1.35 
1.66 
1.49 
1.61 
1.30 
1.61 
1.56 
1.89 
1.56 
0.12 
1.49 
1.91 
1.40 
2.07 
1.44 
1.55 
1.20 
1.42 
1.56 
0.18 
8.3. Human Milk 
No human milk samples were collected in 1 972 
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8.4. Country-wide Measurement of the V-Background in 1 972 
8 . 4 . 1 . State Experimental Farms 
As in previous years , the Y-background was measured in March, June, 
September, and December at ten State experimental farms. Table 8 .4 .1 .1 
shows the resul ts , and table 8 . 4 . 1 . 2 gives the analysis of variance. The 
variations between locations were highly significant (P ) 99. 95%). As in 
previous years, it was evidently not the fall-out that determined the variation 
between locations. 
In the last part of 1 972 the Y-measurements were performed with a new 
NaJ-crystal , because the efficiency of the old one had been decreasing for 
the last years (cf. Risø Report No. 2651 '). 
Fig. 8.4 shows the Y-background in four groups of sampling stations 
since 1 962. The fact that stations with a lowr fall-out ra te and a high clay 
content in the soil (Abed, Blangstedgard, and Tystofte) show higher Y-levels 
than stations withNa high fall-out ra te and a low clay content (but a high sand 
content) (Studsgård, St. Jyndevad, and Askov) was discussed in Risø Report 
No. 1541*. 
Table 8 .4 .1 .1 
Y-background a t the s t a t e experimental farms in 1972 (yR/h) 
(Correction fac tor 1.40 has been applied t o March and June) 
Tylstrup 
Studsgård 
Ødum 
Askov 
St. Jyndevad 
Blangstedgard 
Tystofte 
Virumgård 
Abed 
Åkirkeby 
Mean 
Mar. 
4.8*0.1 
4.6*0 
5.7*0.1 
5.7±0.1 
4.6*0 
6.2±0.3 
7.1*0.1 
7.3±0.2 
7.0±0.2 
(8.6) 
(6.2) 
June 
4.8*0.1 
4.6*0 
6.4±0 
5.0±0.2 
4.1±0 
5.9±0.2 
7.3±0.2 
7.3±0.2 
7.1*0.1 
9.2+0.1 
6.2 
Sep. 
4.9*0 
4.0*0 
6.2+0.1 
5.5±0.1 
3.9±0.1 
6.3±0.2 
6.6±0.1 
6.5*0.1 
4.2*0.2 
(7.9) 
(5.6) 
Dec. 
5.6+0 
4.2*0.1 
5.7±0.1 
5.3*0 
1.8*0.1 
6.2*0.1 
6.9*0.1 
5.6*0 
6.4*0 
7.4*0 
5.8 
Mean 
5.0 
4.4 
5.8 
5.4 
4.4 
6.2 
7.0 
6.7 
6.2 
(8.3) 
The error term is the S.E. of the mean of 6 determinations. 
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Table 8 .4 .1 .2 
Analysis of variance of the y-background 
at the state experimental farms in 1972 
(from table 8 .4 .1 .1) 
Variation 
Between locat ions 
Between months 
Loc. x months 
Remainder 
SSD 
250.9010 
14.4789 
55.2780 
14.94C4 
25 
187 
27.8779 
4.8263 
2.2112 
0.0799 
12.61 
2.18 
27.68 
>99.95* 
>70S 
>99.95* 
nR/h 
i \ 
! \ 
-° Åkirkeby 
-• Abed, Blangstedgard, Tystofte 
-
A
 Wumgard, Ødum,Tylstrup 
-• St. Jyndevad, Askov Studsgård 
'
 x
 A 
1962 1963 1964 1965 ' 1966 ' 1967 " 1968 1969 ^ 1970 ' 19 71 ' 1972 
Fig. 8.4. The Y-background in the State experimental farms, 1962-72. 
8.4. 2. The Risø Environment 
Y-background measurements were performed in the five zones round 
Risø in July. The measurements were carr ied out at the locations where 
grass and soil are collected (cf. figs. 3 . 1 . 2.1 and 3 . 1 . 2. 2 (the coloured 
map)). 
Table 8.4. 2 shows the resul t s . 
At all locations in zone I and at location 2 in zone II the Y-background 
had increased because of the various radiation sources at the research 
establishment. The weighted annual mean for zones III-V was 6. 2 yR/h. 
In zone I the surplus activity from the research establishment was 1 1 . 2 - 6 . 2 
= 5. 0 nR/h (in 1 967: 4. 0, in 1 968: 3. 9, in 1 969: 3. 3, in 1970: 4 .7, and in 
1 971: 1. 6). A man working in the open in the Risø area 40 hours a week 
for 45 weeks a year would thus get a surplus dose of 9 mR/year . 
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Table 8.4.2 
Y-background (uR/h) in the five zones around Risø in 1972 
(Correction factor 1.40 has been applied to all data) 
Risø zone 
(cf. coloured 
map) 
I 
-
-
-
-
Mean 
II 
-
-
-
Mean 
III 
-
-
-
Mean 
rv 
-
-
-
-
-
-
-
Mean 
V 
-
-
-
-
-
-
-
-
-
-
-
Mean 
Location 
1 
2 
3 
4 
5 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
July 
5.9 
8.2 
21.4 
10.5 
10.0 
11.2 
5.9 
9.1 
6.8 
6.4 
7.0 
7.3 
6.4 
6.4 
5.9 
6.5 
6.4 
7.3 
6.4 
5.9 
5.9 
5.9 
6.4 
7.3 
6.4 
5.5 
6.4 
5.9 
5.5 
5.9 
5.9 
5.0 
6.8 
5.5 
5.5 
6.4 
6.4 
5.9 
Table 8 .4 .3 
Y-background (uR/h) around a location 
in Zealand in 1972 
(Correction factor 1.40 has been applied 
to a l l data) 
Zone and sector 
A 2 
A 3 
A 4 
A 5 
A 6 
A 7 
A 8 
A 9 
Mean 
B 1 
B 2 
B 3 
E 4 
B 5 
B 6 
B 7 
B 8 
B 9 
B 10 
Mean 
C 1 
C 2 
C 3 
C 4 
C 5 
C 6 
C 7 
C 8 
C 9 
C 10 
C 11 
C 12 
Mean 
D 1 
D 2 
D 3 
D 4 
D 5 
D 6 
D 7 
D 8 
D 9 
D 10 
D 11 
D 12 
Mean 
July 
5.5 
5.0 
6.4 
5.9 
5.9 
5.9 
5.9 
6.4 
5.9 
5.0 
6.4 
6.4 
5.5 
7.3 
5.9 
5.5 
6.8 
6.4 
5.5 
6.1 
5.0 
5.0 
5.5 
5.5 
7.3 
6.4 
6.8 
7.3 
5.9 
6.4 
5.0 
5.0 
5.9 
5.5 
5.5 
5.5 
6.4 
6.4 
5.5 
5.9 
8.2 
5.0 
6.4 
5.9 
5.0 
5.9 
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Table 8.4.4 
Y-background (uR/h) around a location 
in Jutland in 1972 
(Correction factor l.4o has been applied 
to all data; 
.. 
Zone and sector 
A 1 
A 2 
A 3 
A 4 
A 5 
A 6 
A 7 
A 8 
A 9 
A 10 
A 11 
A 12 
Mean 
B 1 
B 2 
B 4 
B 5 
B 6 
B 7 
B 8 
B 9 
B 10 
B 11 
B 12 
Mean 
C 1 
C 2 
C 3 
C 4 
C 5 
C 6 
C 7 
C 8 
C 9 
C 10 
C 11 
C 12 
Mean 
D 1 
D 2 
D 3 
D 4 
D 5 
D 6 
D 7 
D 8 
D 9 
D 10 
D 11 
D 12 
Mean 
July 
6.8 
7.3 
6.4 
5.5 
7.3 
5.5 
5.5 
4.6 
4.6 
5.5 
5.9 
5.9 
5.9 
5.9 
6.8 
5.5 
6.4 
5.5 
6.8 
5.5 
5.5 
5.5 
5.9 
5.9 
5.9 
6.4 
7.7 
4.6 
6.8 
6.8 
5.5 
6.4 
5.5 
5.5 
4.6 
5.5 
6.4 
6.0 
5.5 
5.9 
6.4 
7.3 
4.6 
5.9 
6.4 
5.0 
4.6 
5.5 
5.0 
5.5 
5.6 
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divided into 1 2 30 sectors , sector 1 being from due north and 30 clock-
wise, sector 2 from 30 to 60 , and so on. A measuring location was thus 
determined by a zone letter and a sector number. Locations in the sea 
were omitted. 
Table 8.4. 3 shows the resul t s . The annual mean for all locations was 
6. 0 nR/h, i. e. nearly equal to the level found in zones III-V around Risø. 
8. 4. 4. A Location in Jutland 
Table 8.4.4 shows a s imilar investigation as in 8. 4. 3 for a location in 
Jutland. The annual mean for all locations was 5. 9 |iR/h, i. e. equal to the 
levels of Zealand (cf. 8.4. 2 and 8.4. 3). 
8. 4. 5. The Coasts of the Great Belt 
The Great Belt is a main shipping route for international traffic through 
inner Danish waters. Occasionally this waterway will be passed by nuclear 
ships. An environmental Y-survey of the coastline along the Great Belt has 
therefore been initiated. Table 8.4. 5 shows the resul ts . The levels were 
a little lower than those found in most of the other parts of the country. 
The annual mean was 6.1 fiR/h. 
Table 8.it.5 
The Y"background (uR/h) along the coasts of the Great Belt in 1972 
(Correction factor 1.40 has been applied to all data) 
Location 
Agersø 
Omø 
Røsnæs 
Reersø 
Halskov 
Sprogø 
Knudshoved 
Ri singe 
Fyns Hoved 
Tarup Strand 
Hov, Langeland 
Tranekær 
Vindeby Strand 
Kelds Nor 
Mean 
July 
4.6 
1.6 
4.1 
6.4 
8.7 
5.9 
5.9 
5.5 
6.8 
5.9 
5.9 
5.9 
6.4 
9.1 
6.1 
9. CONCLUSION 
9.1 . Risø Environmental Monitoring 
No radioactive contamination of the environment originating from the 
operation of the research establishment was ascertained outside Risø in 
1 972. As in previous years, the variations in contamination level were 
independent of the distance of the sampling locations from Risø. 
9. 2. Nuclear-Weapon Debris in Air, Precipitation, Soil, Ground Water, 
and Surface Water 
The mean content of Sr in air collected in 1 972 was 0.0008 pCi Sr/m , 
i. e. approx. 40% of the 1971 level. The average fall-out at the State ex-
90 2 
perimental farms in 1972 was 0.44 mCi Sr/km or approx. 30% of the 90 1971 figure, and the mean concentration of Sr in rain water was 0. 73 
pCi 9 0 Sr/L 
By the end of 1 972 the accumulated fall-out down to a depth of 30 cm 
90 2 90 2 
was approx. 52 mCi Sr/km . From 0-20 cm the level was 46 mCi Sr/km . 
In agreement with the greater amounts of precipitation in that part of 
the country the fall-out levels in Jutland were 15-25% higher than the levels 
found in eastern Denmark. 
90 90 
The median level of Sr in Danish ground water was 0.1 pCi Sr/1. 
9.3. Strontium-90 and Caesium 137 in the Human Diet 
an 
The mean level of Sr in Danish milk was 6.6 S. U. , and the mean 
137 137 
content of Cs was approx. 11 pCi Cs/1. 
90 137 
The 1 972 Sr and Cs levels were 10-20% lower than the levels found 
in milk produced in 1 969-71. 
90 90 
The Sr mean content in grain from the 1972 harvest was 38 pCi Sr/kg. 
137 137 . 90 
The Cs mean content in grain was 25 pCi Cs/kg. The Sr level in grain from the 1 972 harvest was 2/3 of the level found in the 1971 harvest, 1 37 
and Cs was approx. 1/3 of the 1 971 level. 
90 137 
The mean contents of Sr and Cs in Danish vegetables collected in 
1 972 were 12 pCi 9 0Sr/kg (30 S, U.) and 2.4 pCi ] 3 7 Cs/kg respectively, and 
in fruits 2. 7 pCi 9 0Sr/kg and 5 pCi ' 3 7Cs/kg; potatoes contained 2. 9 pCi 
9 0Sr/kg and 5 pCi ' 3 7 Cs/kg. 
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The mean levels of Sr and Cs in to ta l -d ie t s a m p l e s collected in 
1972 were 7.8 S. U. o r 13 . 7 pCi w S r / d a y and 30 pCi C s / d a y respect ive ly . 
90 F r o m analyses of the individual diet components the S r leve l in the Danish 
137 
average diet was es t imated to be 8. 2 S. U. and the Cs in take to be 30 
pCi ' 3 7 C s / d a y . The 9 0 S r levels in the Danish total diet consumed in 1 972 
1 37 
were near ly equal to the 1 971 levels , while the Cs levels w e r e a l i t t le 
lower . 
90 Grain products contr ibuted 43% and milk products 36% to the total Sr 
intake, and 23% of the 1 3 7 C s in the diet c ame from mea t , 4 1 % from gra in 
products , and 1 7% from milk produc ts . 
The 9 °Sr as well as the 1 3 7 C s diet levels w e r e on the ave rage significantly 
higher in Jutland than in ea s t e rn Denmark . 
9. 4 . Strontium-90 and Caesium-1 37 in Humans 
The 9 0 S r mean content in human bone (ver tebrae) col lected in 1 972 was 
1. 9 S. U. in new-born chi ldren, 2. 5 S. U. in infants, 1. 8 S. U. in chi ldren 
and t e e n - a g e r s , 1. 7 S. U. in adults (20-29 y e a r s old), and 1.4 S. U. in adults 
of m o r e than 29 y e a r s . The 1 972 bone levels w e r e a p a r t f rom new-born 
lower than the 1 971 leve l s . 
The mean content of Cs in the human body in 1 972 was es t imated 
1 37 from whole-body countings to be 2. 2 nCi (1 6 pCi C s / g K), a Uttle h igher 
than the 1 971 level . 
9. 5. Strontium-90 in Sea Water 
The mean content of Sr in inner Danish wa te r s was approx. 0. 6 pCi 
9 0 S r / l in 1 972, i . e. unchanged from the levels in previous y e a r s . The 
1 3 7 C s concentrat ion was approx. 1. 2 t imes the Sr concentra t ion in surface 
water collected in the inner Danish wa te r s (mean sal ini ty 1 5 0/00) . 
9. 6. The V-Background 
The Y-background measu red at the State exper imenta l f a rms in 1 972 
was 6. 0 jtR/h. 
9. 7. Summary 
The concentrat ions of long-lived fall-out nucl ides in ground- leve l a i r 
and precipi tat ion collected in 1 972 were 30-40% of the levels found in 1 971. 
on 1 0 7 
In milk produced in 1 972 the Sr and Cs levels were 10-20% lower 
than the 1 971 leve l s . In gra in from 1 972 the levels w e r e 30-60% of those 
in 1 971. 
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90 137 
The Sr and Cs levels in the total diet consumed in 1 972 were near ly 
equal to the 1 968, 1 969, 1 970,and 1 971 l eve l s . 
90 The Sr concentra t ions in human bone were a l i t t le lower in 1 972 than 
in 1 971. 
APPENDIX A 
Calculated Fall-out in the Eight Zones in 1972 
Zone 
I : N. J u t l a n d 
I I : E. J u t l a n d 
I I I : W. J u t l a n d 
IV: S. J u t l a n d 
V: Punen 
V I : Zealand 
V I I : L o l l a n d - F a l s t e r 
V I I I : Bornholm 
Area-weighted mean 
mm 
p r e c i p i t a t i o n 
i n 1972 
647 
606 
471 
632 
mCi Sr-90/km 2 
in 1972 
0.47 
0.45 
0 .36 
0.46 
Accumulated, 
mCi Sr-90/km 
by t h e end of 
1972 (0-30 cm) 
57 
48 
48 
55 
The amounts of p r e c i p i t a t i o n were obtained from r e f . 9 , and from 4 .1 
and 4 . 2 . 
APPENDIX B 
Statistical information 
Zone 
I : N. J u t l a n d 
I I : E. J u t l a n d 
I I I : W. J u t l a n d 
IV: S. J u t l a n d 
V: Punen 
V I : Zealand 
V I I : L o l l a n d - F a l s t e r 
V I I I : . Bornholm 
T o t a l 
Area in 
km? 
15) 1971 
6,171 
7 ,561 
12 ,101 
3,929 
3,186 
7,135 
1,795 
588 
13 ,069 
P o p u l a t i o n 
in t housands 
15) 1971 
i»57 
81)1 
661 
239 
431 
2 ,116* 
125 
*7 
1,950 
Annual milk 
p r o d u c t i o n 
i n mega-kg 
11) 1971 
911 
1,258 
926 
5f2 
393 
395 
68 
39 
1,562 
Annual wheat 
p r o d u c t i o n 
i n mega-kg 
13) 1970 
110 
402 
5X2 
Annual r y e 
p r o d u c t i o n 
in mega-kg 
13) 1970 
69 
61 
133 
Annual p o t a t o 
p r o d u c t i o n 
i n mega-kg 
13) 1"70 
897 
1 ^ 
1 ,03* 
V e g e t a b l e , 
a r e a in km 
13) 1970 
2? 
84 
107 
Krui t ar/>a 
in km' 
1*) 1»70 
17 
109 
126 
*1 ,315 ,000 people were l i v i n g in O r e a t e r Copenhagen and 801,000 i n the r ema in ing p a r t of Zea land . 
APPENDIX C 
90 In 1 972 the agreement between predicted and observed Sr levels was 
poor. The observed values were significantly greater than the predicted 
ones if the models from 1 970-71 shown in table CI were used. If the models 
from 1 9681 7 ' were applied the gap between observations and predictions was 
reduced, but the observed values were still probably significantly greater 
1 37 than the predicted ones. As regards Cs the agreement between obser-
90 
vations and predictions was better than for Sr for the 1 971 models (table 
17) C2) as well as for the 1 968 models ' . 
90 We are at the moment inclined to believe that the Sr in the soil i s not 
made unavailable as fast as we thought in 1 971 ' (i. e. with an effective half 
life of 4 years) or that some of the "unavailable" Sr perhaps becomes avail-
able again as the time goes by. As we expect the fall-out ra te in 1 973 to be 
even lower than the 1 972 rate, we shall have the opportunity to study the 
soil uptake nearly undisturbed of direct contamination one more year. 
Table C 1 
A comparison between observed and predicted Sr-90 levels 
in the human food chain in Denmark in 1972 
Sample and l o c a t i o n 
Milk from Ju t l and 
Milk from the I s l ands 
Rye from Ju t l and 
Rye from the I s l ands 
Barley from Ju t l and 
Barley from t h e I s l a n d s 
Wheat from Ju t l and 
Wheat from the I s l a n d s 
Oats from Ju t l and 
0a t3 from the I s l ands 
Pota toes from Ju t land 
Pota toes from the I s l ands 
Tota l d ip t from Ju t l and 
Tota l d i e t from the I s l a n d s 
Newborns' bone 
Adul t s ' ve r t eb rae 
Observed 
7.8 
5 .0 
93 
57 
97 
13 
137 
57 
107 
kb 
2.9 
2 .9 
9.1 
7.2 
1.9 
1.6 
Predicted 
6.8 
3.8 
60 
32 
58 
28 
79 
17 
39 
20 
2.1 
1.1 
7 .8 
5.1 
1.0 
1.2 
Equation used for the predict ion 
S.U. = 1 . 0 l d ( 1 ) • 0.W{i.x) • O ^ A ^ . . ^ 
S.U. = 0 . 7 8 d ( i ) • 0 . 1 7 d ( i . n • 0 . l 8 A b y ( . _ 1 ) 
S.U. - 2 0 l d ( j . a ) • 2 . 0 6 A f a y ( . _ 1 ) 
S.U. - 1 5 6 d ( . . a ) • 1 . 2 0 A b y ( i . n 
S.U. = I 6 l d ( . . a ) • 2 . H . A b y ( 1 _ n 
S.U. : 9 l d ( . . a ) • 1 . 2 l A b y ( . . x ) 
S.U. -- 1 5 1 d ( j . a ) * 3 . 1 ^ . . ^ 
S.U. = 1 3 6 d ( j . a ) • 2 . 2 l A b y ( . . 1 } 
s . u . = 7 0 d ( j . a ) • i . e o A ^ . . ^ 
s . u . -. 5 6 d ( j . a ) • o . g e A ^ . ^ 
pCi Sr-90/kg = 0 . 1 3 d ( i ) • ° - 1 1 A b y ( i - l ) 
pCi Sr-90/kg = 0 . l 8 d ( i ) • 0 , o 6 2 A b v ( i - 1 ) 
S.U. •- 0 . 8 9 d ( i ) • l - 2 6 d ( . . 1 ) • 0 . 2 5 A b y ( i . 1 } 
S.U. = 0 . 8 1 d ( i ) • 1 . 2 7 d ( i _ n • 0 . 2 1 A b v ( i _ 1 ) 
S.U. = 0 . 1 6 1 d i + ( i . 1 ) • 0 . 0 1 7 d ( . . 2 ) • 0 . 0 3 7 A b y ( i . 1 ) 
2 
S.U. = 0-°21d i + ( i . 1 ) • 0 . 0 3 9 d ( i _ 2 ) • °'°^(>kt)y{i-l) 
2 
rredic ted rrom 
1968 models 17) 
7 .1 
59 
61 
71 
39 
2 .9 
8 .3 
1.2 
1 6 
The p r e d i c t i o n models were c a l c u l a t e d from data c o l l e c t e d in 1962-1970 (for grain 1962-1971) 
2 
•l is the f a l l - o u t r a t e in mci Sr-90/km ( t a b l e l< .1 .1) . A i s the est imated, a v a i l a b l e , accumulated 
f a l l - o u t in mc] :>-90/km c a l c u l a t e d for an e f f e c t i v e h a l f - l i f e of Sr-90 in the s o i l of 1 years . 
( i ) i s the cu r r en t yea r , ( i - 1 ) the year before e t c . ( j - a ) is July-August. 
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Table C 2 
A comparison between observed and predicted Cs-137 levels 
in the human food chain in Denmark in 1972 
Sample and l o c a t i o n 
Milk from Jutland 
Milk from the Is lands 
Rye from Jutland 
Rye from the Is lands 
Barley from Jutland 
Barley from the Is lands 
Wheat from Jutland 
Wheat from the Is lands 
Oats from Jutland 
Oats from the Is lands 
Potatoes from Jutland 
Potatoes from the Islands 
Beef 
Pork 
Total d ie t from Jutland 
Total d i e t from the Is lands 
Whole body from the Is lands 
Observed 
8 .1 
1.6 
12 
31 
26 
17 
23 
15 
26 
21 
6.9 
2 .8 
38 
53 
31 
29 
16 
Predicted 
5 .1 
3.2 
31 
30 
21 
21 
23 
18 
21 
18 
2 .7 
2.2 
21 
51 
35 
25 
18 
Equation used for the predic t ion 
pCi Cs-137/g K = 1 . « 5 d ( i ) • l - * 7 ( i _ x ) • 0 - 3 9 d ( i _ 2 ) 
pCi Cs-137/g K s 2 - 5 3 d ( i ) * 1 * 6 5 d ( i - l ) 
pCi Cs-137/kg = " " ( M ) 
pCi Cs-137/Vcg = l l S d ^ . t 
pCi Cs-137/kg = 92d ( B _ a > 
pCi Cs-137/kg = 8 3 d ( B . a ) 
pCi Cs-137/kg = 8 9 d ( m _ a ) 
pCi Cs-137/kg = 7 1 d ( - _ a ) 
DCi Cs-137/kg = 8 l d ( B _ a ) 
p : i Cs-137/kg = 7 3 d ( m . a ) 
pCi Cs-137/kg = 5 . 6 d ( i ) 
pCi Cs-137/kg = 5 . 3 d ( i ) 
pCi Cs-137/kg = 3 7 d ( i ) • S . Z d ^ . j j 
pCi Cs-137/kg = 3 7 d ( i ) • 17<* ( i_1 } + 5 . 2 d ( i _ 2 ) 
pCi Cs-137/day = 8 - 8 d ( i ) • l l d , ^ . • 6 . 1 d ( i _ 2 ) 
pCi Cs-137/day = 7 . 5 d ( i ) • 1 1 . 3 d ( i _ 1 ) • 3 . 2 d ( i _ 2 ) 
pCi Cs-137/g K = * . 2 d ( i ) • • •2« l ( i _ 1 ) • 8 - 6 d ( i _ 2 ) 
Predicted f r j e , 
1963 moi*ls * 7 ' 
6.7 
32 
25 
22 
20 
2.5 
50 
56 
30 
39 
The predic t ion models were for milk ca lcu la ted from the data c o l l e c t e d 1962-1970, for grain 1962-1971, 
for potatoes 1963-1971, for meat, t o t a l d i e t and whole body 1963-1970. 
(m-a) i s May-August and the f a l l - o u t ra te s are measured in mCi Sr-90/km 
(c f . a l s o remarks to tab le C I ) . 
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